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Thls report documents the Correctwe Measures Study/Feasibhty Study (CMS/FS) performed 

for the 881 Hdlside A m  Operable Umt 1 (OU 1) of the Rocky plats Envmnmental 
Technology Site (RFETS) The study was conducted m accofdance with the requmments of the 

Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was signed between 

the U S Department of Energy (DOE) the U S Envmnmental Protechon Agency @PA) and 
the Colorado Department of Pubhc Health and the Envuonment (CDPHE) The agreement 

specfies that the CMS/FS shall be conducted followmg appmpnate Comprehensive 

Envmnmental Response Compensabon and Lmbhty Act (CERCLA) and Resource 

Conservahon and Recovery Act (RCRA) guidance 

The pmary source of guidance used m the preparahon of th~s report was EPA s Gzudancefor 

COndUChng Remedial Inveshgahom and Femibilrty Srudres Under CERCI4 whch outhes and 

descnbes the requmments of the Nauonal 011 and Hazardous Substances Polluhon Contmgency 

Plan (NCP) Also used was EPA s RCRA Correctzve Actzon Plan guidance, pubhshed m May 

1994 In prepamg th~s report data on OU 1 were obtamed from both the Phase 111 RCRA 
Fmilrty Inveshgahon/RemedlalInveshgahon (RFI/Rl) Report and the Rocky Flats Envmnmental 

Database System (RFEDS) cllrectly Where appropnate recent sod gas survey data were used 
to enhance the conceptual model apphed m the development of rem& amon altemahves 

Followmg standard RCWCERCLA guidelmes, results of the Phase III RFWRI report were fmt 

exammed to determme pmary site contarmnants and exposure pathways Once these nsk 

dnvers were idenflied rem& amon objectwes (RAOs) and p r e m  remednhon goals 

(PRGs) were formulated to address nsks to human health and the envmnment In the case of 

OU 1 the Envmnmental Evaluabon (5) porbon of the Baselme fisk Assessment (BRA) &d 

not identsfy any current or future nsks to envmnmental receptors Therefore thrs report 

focuses on mllllmmng the nsk to human receptors from contammants idenMied m the RFI/RI 

report The RAOs idenflied for OU 1 are hsted below 
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1) Prevent the mhalabon of mgesbon of and/or dermal contact with VOCs and 
morgamc contarmnants rn OU 1 groundwater that would mult m a total excess 
cancer nsk greater than 104 to 10-6 for carcmogens andor a hazard rndex greater 
than or equal to 1 for non carcmogens 

2) Prevent nugrabon of contammints from subsurface sods to groundwater that 
would result m groundwater contammabon m excess of potentnl groundwater 
apphcable or relevant and appropmte (ARARs) for OU 1 contarmnants 

3) Prevent mgrabon of contarmnants m OU 1 pundwater from adversely 
mpactmg surface water quahty m Woman Creek 

These RAOs were selected to address the pnmary nsk exposure pathways identdkd for OU 1 

the pathways associated with groundwater and mdmctly subsurface sods Surface sods were 

also idenMied as a medmm of concern m the OU 1 RWRI however ttus medmm is bemg 

addressed under OU 2 Therefore PRGs for RAOs dealmg with groundwater and subsurface 

sods were identified by exammng both nsk and apphcable or relevant and appropmte 

requvement (ARAR) based values The exposure mute of groundwater mgesbon resulted m the 

hghest potentnl nsk to a future on site resident As a result the Colorado Basic Standards for 

Groundwater found m 5 Colorado Code of Regulabons (CCR) 1002 8 3 11 5 and 3 11 6) were 

selected as appropnate PRGs for OU 1 
, 

After selectmg appropmte PRGs for OU 1 rem- achon altemabves were assembled that 

would provide vmous conceptual approaches for cleanup of the site The alternabves selected 

for detaded analysis are the followmg 

e Altemabve 0 No Acbon 

e Altemabve 1 Insbtubonal Controls with the French Dra.u~ 

e Altemabve 2 Groundwater Pumpmg and Sod Vapor Extracbon 

Altemabve 3 Groundwater Pumpmg and Sod Vapor ktracbon with 
Thermal Enhancement 
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0 Alternahve 4 Hot Au Injechon with Mechanm.l Mmng 

a Altematwe 5 Sod Excavabon with Groundwater Pumpmg 

These alternatwes were subjected to detarled analysis as r e q u d  by RCRA and CERCLA 

guidehnes and the NCP (40 Code of Faled Regulahons 300 430) The standards and cntem 
used to analyze the altermoves are the followmg (with the excepbon of state and commumty 

acceptance whch are analyzed later m the CMS/FS process) 

Overall protechon of human health and the enmnment 
(mcludmg assessment of source control measures) 

Comphce with ARARs 

Long term effectweness and permanence 

Reducuon of toxlcity mobhty or volume 

Short term effectweness 

Implementabhty 

cost 

State acceptance 

Commumty acceptance 

The two threshold cntena overall protecuon of human health and the envmnment and 

comphce with ARARs are statutory qumments that must be satrsfied by any alternabve m 

order for it to be ehgible for selecQon as the preferred remedral acuon altematwe The five 

pnmary balancmg cntem of long term effechveness and permanence redurnon m tox~city 

moblltty and volume short term effectweness Implementabhty and cost are used to evaluate 

major performance objechves for each altematwe The performance of each alternatwe 111 

addressmg each prunary balancmg cntenon is evaluated and then compad across altematwes 

to assist m the selection of a preferred altemahve 
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The two m-mg cntena state acceptance and commumty acceptance, evaluate the p0tent.d 

acceptance of the preferred altemabve by regulatory agencies and the commumty These last 

two cntena are not evaluated untd after formal pubhc comment on the CMS/FS and Correctwe 

and Remedral Actron Proposed Plan (PP) and are addressed m the final Correctwe Acbon 
Decision/Record of Decision (CAD/ROD) 

@ 

The results of the detaded analysis of altemabves are presented m thls report To support the 

analyses conducted herem groundwater modelrng and residual risk assessment calculauons are 
mcluded m Appendms B and C respectwely Cost estunates are IIkewue mcluded m Appendm 
A A complete ARARs assessment is mcluded m Appendm D In general these analyses show 

that most of the altemabves mcluded m thls analysis wdl meet groundwater PRGs at Woman 
Creek The No Achon alternabve may not meet these goals at the French D m  however In 
terns of protectmg human health and the envmnment all of the altemahves presented result 

m residual nsks of less than one m a d o n  at Woman Creek Only the No Acoon s c e m o  

presents a nsk near one m ten thousand at the French Dram Costs assocnted with the 

altematwes mged from $1 8 &on for the No Amon altematwe, to over $13 &on for 

Altematwe 5 Sod Excavabon with Groundwater Pumpmg Costs for the other altematwes 
were comparable and mged from $6 W o n  to $7 5 d o n  

0 

Based on these results A l t e m v e  0 No Achon would be the alternatwe of choice rf 
performance and comphnce are only momtod at Woman Creek If however performance 

and comphce are momtored at the French Dram then Altenratlve I Imhtutronu~ Controls 

wzth the French Druzn would most hkely be the preferred alternatwe Alternatwe 1 would also 

be a vlable opbon If performance is momtored at Woman Creek as a contmgency measure untd 

more recent data are avadable concemmg groundwater rmgrabon m OU 1 and how observed 

data compare to pmhcted data Further Qscussion regardmg the preferred altemabve for OU 1 

appears m the OU 1 PP 
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1 0  INTRODUCTION 

Thls Correctme Measures Study/Feasibhty Study (CMS/FS) report evaluates mformatron 
necessary to support selmon of the preferred rem& altematwe(s) for Operable Umt 1 (OU 

1) at the Roclq Flats Envuonmental Technology Site (RFETS) l’hs report is part of a 
comprehensive program developed pursuant to the Rocky Flats Interagency Agreement (IAG) 

(January 1991) between the US Department of Energy (DOE) the U S  Envmnmental 

Pmtecuon Agency @PA) and the Colorado Department of Pubhc Hdth and the Envmnment 

(CDPHE) In accordance with the IAG h s  report addresses CMS provuions of the Resource 

Conservauon and Recovery Act (RCRA) and FS provuions of the Comprehensive Envmnmental 

Response Compemahon and Lubhty Act (CERCLA) 

11 PumseandOrgamau on of Rem rt 

The CERCLA Rem& Invesbgabon O / F S  process provides the overall framework for this 

report as specfied m the IAG IX D 1 Relevant RCRA specfic CMS cntem am mcorj)oxated 
w i h  thts framework where appropriate In general the CERCWRCRA process is mtended 
to gather mformatron sufficient to support an domed nsk management decision regardmg the 

most appropmte remedy for a gwen site The process mcludes 

Chamctemaaon of the site s physical con&hons 
Charactemahon of naturr: and extent of ContammaQon 

0 Charactemahon of fate and transport of contammatron 
Assessment of nsk to human health and the envmnment 
Treatabhty testmg fi appropmte 
Development s c m m g  and detaded analysis of rem& alternatwes 
Selecbon and Implementahon of rem& act.lon(s) 

This CMS/FS report documents the development screemg and d w e d  analysis of rem& 
alternatives Followmg CDPHE and EPA acceptance the results of this report along with 

mformabon provided by previous reports wdl be summanzed m a Comctwe and Rem& 

Acbon Proposed Plan (PP) The PP is publrshed for publrc review and comment pubhc 

0 
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comments wdl be responded to pnor to selectmg and rmplemenimg a remedy for OU 1 
Thu CMS/FS follows EPA guidance estabhshed for general CMS and FS reports as ouhed 

m Gwdance for conduchng Remedial InVeShgatrOnS and Feasibirhty Shdies Under CERaA 

@PA 1988a) and m the RCRA Correctwe Acbon Plan guidance @PA 1994) The guidances 
mvolve three phases shown graphdy m Figure 1 1 The three phases are 

0 

Development of remedmtion goals and idenbfkauon of process opbons 
Development and screemg of altematwes 
D e a d  analysls of alternatmes 

The development of remednbon goals and identdIcaQon of process opuons is mcluded m ths 

report as Secbon 2 0 The Ident&aQon and SelecQon of Technoloses and Repmentatwe 

Process OpOons Representatwe remedd technologtes capable of meetmg remedmbon goals 

were selected for mclusion m remednl altemaoves 

The Development of Altematwes phase is presented m Secuon 3 0 of thls report Thls phase 

identdies and combmes potentdly feasible remedd technologtes to develop a range of =medal 

alternatwes for OU 1 Specfic components of thls phase mclude 
0 

Development of medn specfic remedliil acbon objectms (RAOs) 

Development of meda specfic general response amons (GRAs) 

Identdkabon of volumes andor areas of the medm whch require G U S  

Identdkabon and screemg of technologies and process opbons for each GRA 

Evaluabon of process opbons withm each technology type to select a representatme 
p m s s  optron for the development of remehal amon altematwes 

The scmnmg of altematrves is an opbonal phase that is conducted If the number of altematrves 

developed is too large to be reasonably MJnred forward to the detruled analysis Tlus screemg 

is conducted on the basis of effectrveness mplementabhty and cost This screemg was not 

conducted for OU 1 0 
OU 1 CMSIFS Report 
881 Wl Id Area 
F&IUMY 1995 1 2  



a CH ARACTERIZATION cz> 
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REPEAT PREVIOUS SCOPING STEPS - DETERMINE NEW DATA NEEDS - DEVELOP SAMPLING STRATAGIES 
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TECHNOLOGIES INTO 
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TESTS 
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a secbon 4 0 presents the m d  Analysis of Nternahves for those alternatwe that were caned 

forward from the screemg phase descnbed above In thls phase the alternames are further 
refmed and analyzed m detiul with respect to CERCLA cntena and RCRA standards that are 

provided rn the Nabonal Od and Hazardous Substances Pollubon Contmgency Plan (NCP) and 

the RCRA Correctwe Acbon Plan guidance (EPA 1994) The CERCLA cntem mclude 

Overall p romon  of human health and the envmnment 
Compbce with Apphcable or Relevant and Appmpmte Requmments (AF2ARs) 
Long term effectveness and permanence 
Redumon of tomcity mobhty or volume 
Short term effectveness 
Implementablllty 
cost 
State acceptance 
Commumty acceptance 

In the detaded analysis the first seven of these cntena are evaluated m two ways First each 

dternabve is evaluated m h v i d d y  on its abhty to sahsfy each of the seven cntem Second 

the dternatwes are subjected to a compmtwe analysis with the other dternauves The State 

acceptance and commumty acceptance cntena are addressed m the Correctwe Amon Decision 

(CAD)/Record of Decision (ROD) Pnor to the issuance of the CAD/ROD the PP is subrmtted 

for publlc and State comment Table 1 1 pnmdes a companson of CERCLA evaluahon cntena 

and RCRA standards 

0 

Because these CMS/FS phases Development of Remexbbon Goals and Identficabon of Process 

Wbons Development and Screemg of Altematwes and Detiuled Analysis of Alternabves are 

based on the results of previously conducted steps of the RCRA Fachty Invesbgabon O / R I  

the followmg subsecbons bnefly summame the results of the RFI/RI Sechon 1 2 hscusses the 

Site Background Secbon 1 3 hscusses the Physical Charactensbcs of the site Secbon 1 4 

&scusses the Nature and Extent 
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Table 1-1 
Cornpanson of CERCLA Evaluation Cntena and RCRA Standards 

Natzonal Conbngency Plan 
CERCLA Evaluatzon Crrtena 

Overall protechon of human health and the 
environment 

compliance with ARARs 

Long term effechveness and permanence 

Reductlon of towcity mob&ty or volume through 
treatment 

Short term effechvencss 

Implementability 

RCRA Correctwe Actzon Plan Standards 
OSWER Ihre&ve 9902 3-2A (May 1994) 

Protect human health and the envmnment 

control the sources of releases' 

Comply with any apphcable standards for 
management of wastes 

Attam m d a  cleanup standards set by the 
implementmg agency 

Long term rehabihty and effectiveness 

Reductlon m the toxlclty mobility or volume of 
W a s h  

Short term effectiveness 

Implementabdity 

cost 
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of Contammbon Secbon 1 5 discusses the Fate and Transport of Contammants, and Secbon 

1 6 summaflzes the Basehe R~sk Assessment Sectron 1 7 drscusses m t e m  measures and 
mtem remedml achons 

1 2 Site Backmu nd 

OU 1 also referred to as the 881 Hdlside Area is located at the RFETS a DOE owned 
fachty located appmmmately 16 d e s  northwest of downtown Denver Colorado (see Figure 

1 2) RFETS occupies appromately 6 550 acres of federally owned land m northern Jefferson 
County Colorado The majonty of the RFETS buddmgs are located w i t h  a 400 acre area 

referred to as the RFETS secunty area The 6 150 acres surroundmg the secunty area are used 

as a buffer zone 

mor to 1994 the site was referred to as Rocky Flats Plant (RFP) Untd 1992 RFP fabncated 

nuclear weapon components from plutomum urantum, berylhum and stamless steel Parts 
made at the plant were shpped elsewhere for assembly Support actsvitses mcluded chemical 
recovery and pudicahon of recyclable transumc mhonuchdes and research and development 

m metallurgy machznrng nondestrucbve testmg, mtmgs remote enpeenng, chemistry and 

physics These acbvibes generated radroachve hazardous and mlxed waste On site storage 
and drsposal of these wastes has contnbuted to hazardous and radmactsve confarmnafion m sods 

surface water and groundwater In July 1994 the plant was renamed to the RFETS to reflect 

a new mission of envmnmental restorabon and the advancement of new and mnovatsve 

technologres for waste management charactembon and remedmbon 

@ 

OU 1 is located m the southern porhon of the secunty area on the wlside south of Buddmg 881 

and north of Woman Creek Histondy Buddmg 881 was used for emched u m u m  operabons 

and stamless steel manufactumg The laboratones m Buddmg 881 also performed analyses of 

the matenals generated m producbon The hghest pomt m the unmednte vicmty of OU 1 is 

Buddmg 881 whch is apprommately 6 OOO feet above mean sea level The lowest pomt is at 

Woman Creek about 5 830 feet above mean sea level Two surface dmnages occur m the 

vicmty of OU 1 Woman Creek flows along the base of 881 Hdlside south of OU 1 and the 0 
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South Interceptor Ditch (SID) crosses OU 1 between the secunty area and Woman Creek A 

French Dram was constructed m 1992 acmss a signzficant porbon of OU 1 above the SID to 

collect alluvml groundwater as an Intern Measurehtenm Remedud Amon (IM/IRA) 

OU 1 mcludes 11 sub areas that hstoncal mformabon suggested could e h b i t  potentail 

contammahon of sod surface water andor groundwater These subareas are referred to as 

Indmdual Hazardous Substance Sites (MSSs) Figure 1 3 shows the locatrons of these MSSs 
Table 1 2 presents theu descnptrons The RFI/RI was specfically designed to mvesugate the 

potentd contammbon at the IHSSs, as well as m the mtervemng areas of OU 1 The resultmg 

data were used to charactem the physical and chemical con&bons at OU 1 

1 3 Phvsical Charact enshcs 

Inform&on on the Physical Chawtenst~cs of OU 1 was obtamed pnmady from the Phase II. 

RCRA Fmlity Investrgahon/Remedal Inveshganon (RFT/R) Repon (DOE 19941) Where 

appropmte more recent data from the Rocky Flats Envmnmental Database System ORpEDS) 

were used update mtexpretabons and to develop figures and contour maps presented herem Two 

sod gas surveys conducted after pubhcahon of the Phase III RFI/RI report also supplemented 

current mterprretaQons (DOE 1994b DOE 1994c) 

0 

The physical charactenstss of OU 1 whch are relevant to the CMS/FS phases can be descnbed 

considenng geomorpholo@c and hydmgeologc features 

1 3 1  Geo morphology 

The geomorphology at OU 1 reflects the mtem%on of several erosional and deposiQonal 

processes whch have produced gently mlhg  to moderately steep slopes on the Buddmg 881 

Mside The terriun has been recontoured m several areas at vmous tunes dumg the 

construcbon of Buddmg 881 the placement of fill and waste materds m several areas mcludmg 

the contmctor yard and several MSSs the gmdmg of roads at the site the construchon of the 
0 
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Table 1 2 
Indwidual Hazardous Substance Slte Descnpt~ons 

I Number IHSS Name IHSS I 
102 011 Sludge 

R t  Site 
Approxmately 40 x 70 area located approxmately 180 feet south of Buddmg 881 where 
30 to 50 drums of non rad~&ve ody sludge were empbed m the late 1950s The sludge 
was from the clcamng of two No 6 fuel od tanks hgnated as IHSSs 105 1 and 105 2 and 
was bacmed when dlspod operataons ceased 

Approxmately 50 feet m Qmeter (2 OOO ft ') the pit t8 cvculpr t8 shape and IS located 
approxmntcly 150 feet southepst of Bddmg 881 on 1963 aenal photographs Area was 
repottedly used to bury unknown chenncals 

104 Liqud Reportedly a former (Pre-1969) kqud waste *sal pond m area cast of Bddmg 881 no 
Dumpmg exact locntlon or Qmenstons of p t  locahon M uncertam due to poor surltty of 1965 a e d  
site photograph Approxmate Qmensro~ are 50 x 50 

Located mmedmely soutb of Blllldsng 881 these wcrc storage tanks for No 6 fuel od 
Suspected lertrS m 1972 T a b  closed m place through mg wth a h s t o e w m g  
matenal pad cement IHSS 107 the HdhIe orl Leak Site may have been cauaad by leakage 

105 1 Out-of 
105 2 Servlce Fuel 

Od Tank 
sites from thwetanks 

Outfall Site O v d o w  h e  from the samtary wwer sump III Bdchng 887 The outfall was used for 
Qsohuge of untreated samtary wastes m the 1950s and 1960s Due to concun h u t  
h h a r g c a  from the outfall entmng Woman Creek, several small retcntaon ponds and an 
lnterccptor &tch were budt III 1955 and 1979 respechvely to &vert the outfall water to 
Pond C 2 
Site of 1972 fuel od spa from B d b g  881 f o u n b o n  dram outf" A concrete elamrmng 
pond was W t  below the f e o n  drun outfall to contam the od flowmg from the 
foundoton dram and an vlterceptor Qtch was collprbNcttd to prevent od-contmnmtd water 
from reacbylg Woman Creek 

Former drum storage ues8 east of Bdchng 881 along the southern pcnmeter road IHSS 
119 1 t8 the larger weatem drum and scrap metal storage area and appears to have contamed 
mostly drum m the southern part of the IHSS and mostly wrap metal m tire northern part, 
although mated was moved around fkquedy as documentbd by mal photographs IHSS 
119 2 M the smallereosterndrum and scrrpmetnl storrgeucoand -to have contamed 
mostly scrap mezlrl The drums contamed unknown quant~tm and types of solvents and 
wastes The scrap me$aI may have been coated wth redual o h  d o r  hydrauhc coolants 

107 Hdhde Od 
Lepk Site 

119 1 Mulhple 
119 2 Solvent Spdl 

sites 

I 
130 Ruhoacbve 

Site 800 
Area #1 

Area east of Bddmg 881 Uaed between 1969 and 1972 to Qspose of soll and aaphdt 
contmmakd w& low levels of plutomum and uramum IHSS 130 M referred to as the 
Contmnmtd Sod Disposal Area Jhst of Bddmg 881 m the HRR to better match the hstory 
of waste Qsposal the ate IS mcluded m the duicusmon of the 900 area at RFJ3TS m that 
report IHSS 130 confains approxmately 320  to^ or 250 culnc yuaS whch came from three 
sources 1) plutomum-contumnoted sod and asphalt, placed m September of 1969 2) road 
asphalt and soll rad contamurpted by lcalang drum m tranmt and 3) 60 cu yds of plutomum 
contarmnated sod removed from around the Buddmg 774 process waste tanks m 1972 

SIX mch cast m n  samtary aewcr lure that Ongurrtes at the Bddmg 887 MI -on and that 
leaked on the hdlmde south of Bddmg 881 The h e  had conveyed samtary wastes and low 
level dmachve laundry effluent to the samtary treatment plant from about 1969 to 1973 

145 Smtary 
Waste Lme 
Lepk 
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SID and most recently the construmon of the French D m  The steepness of the lullside 

combmed with vmous construmon and excavahon amvibes at OU 1, has resulted m m e c h c a l  
fiulure mamfested m widespread slumpmg of ma ted  (DOE 1994a) A number of wells on the 
lullside have been damaged by thls slumpmg These morphologc features mfluence surface and 

groundwater flow at the site 

Surface water at OU 1 occurs only dumg precipitahon and snow melt events except m the 

m t e q t o r  Cfitch and the French Dram Surface runoff generally flows toward Woman Creek, 

but Wely mfiltrates evaporates transpmtes or encounters the mterceptor Cfitch or French Dram 
before m c h g  Woman Creek Surface water m the m t e q t o r  Cfitch is drrected toward 

collectron ponds for samphg pnor to Qscharge Surface water m the French D m  is W e d  

to the water treatment system porhon of the IM/IlU whch removes orgamcs and morgmcs 

1 3 2  1 

Groundwater hydrogeology has been a central component of the OU 1 RFI/RI The most recent 
mterpretahons m the Phase III RFI/RI report represent a comprehensive evaluahon of the OU 

hydrogeology based on eight years of mveshgahon and momtomg Groundwater at OU 1 is 

present m vmous geologc materials mcludmg the unconsohdated surficd m a t e d  and the 

bedrock A si@icant permeabihty contrast occurs at the base of a weathemi zone whch 

typically exlsts w i t h  the upper 5 to 25 ft of the bedrock The weathered zone and overlymg 

unconsohdated materials are generally 100 to 10 O00 tunes more permeable than the underlymg 

unweathered bedrock Thls permeabihty contrast si@icantly b i t s  the flux of groundwater 

mto and through the unweathered bedrock (relahve to the overlymg mateds) and consequently 

serves as the basis for de fmg  two hydrostrahgmphc umts The upper hydrostrahgraphc umt 

(UHSU) consists of saturated porhons of the Rocky Flats Alluvium colluvd m a t e d  valley 

ffl alluvium and weathered bedrock groundwater m these materials is typically unconfined 

The lower hydrostratqpaphc umt (LHSU) conslsts of saturated unweathered bedrock 

Groundwater m the unweathered bedrock can be confimed or unconfined 
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Over most of the site groundwater flow m the UHSU occurs m disconnected northwest 

southeast trendmg channels that have been scoured mto the bedrock surface Groundwater III 
both the UHSU and LHSU flows from north to south toward the Woman Creek palmvalley 
Bedrock lughs and htholog~c v m b h t y  notably the presence of clay lenses act to retard the 

rate of groundwater flow Flow has also been observed 111 gllde planes boundmg the slump 

blocks Parts of OU 1 parhcularly m the eastern porhon contam groundwater only 111 the 

spmg months when water table elevabons are typically lughest Groundwater levels across 

OU 1 are lugher m spmg than m the remamder of the year 

Recharge to the UHSU is mtmmal and occurs pnmardy through mfidtrabon of precipitabon 

Mdtrabon rates range from 2 mches per hour for mtnl ddtrabon, to 0 5 mches per hour for 
f d  (saturated) mfidtrabon Localtzed sources of recharge mclude seepage from the Rocky Flats 

Alluvium to colluvlat matenals and former recharge from the Buddmg 881 footmg dram whch 

has smce been rerouted to the French D m  collmon system Flow from this dram averages 

3 5 gallons per m u t e  (gpm) Ducharge occurs largely through evapotmnspmbon and 

drscharge at boundanes such as seeps Woman Creek, the SID, and the French Dram (DOE 
1994a) 

From aqulfer test data the average hea r  flow velocity was estmated at 70 feet per year m the 

vicmty of MSS 119 1 8 feet per year m the vicmty of Buildmg 881 and 180 feet per year 
w i t h  the Valley Fdl Alluvium The volume of UHSU groundwater at OU 1 was estmated at 

5 8 acre feet m January 1992 and 5 acre feet m Apnl 1992 The decrease from January to 

Apd is largely due to the moubng of the foundabon dram whch was a source of recharge m 
the western part of OU 1 (DOE 1994a) Water levels screened m the UHSU m e  annually m 

response to spmg recharge and deche dumg the remamder of the year (DOE 1994a) 

The overall range of hydrauhc conducbvity values esbmated for UHSU matenah was 3 x lo3 
to 2 x 106 cm/sec The hydmlogc data show a lugh degree of heterogenenty m the UHSU 

mater& The overall hydraullc conducbvity for the LHSU ranges from 1 2 x 10 to 2 5 x 10 

Honzontal hydrauhc conductwity values m bedrock appear to be 10 to 1 O00 tmes greater than 

hydrauhc conducbvity values m the vernal dmbon  
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Groundwater level data m the vicmty of the French Dram suggest that the system 1s effecbve 

m captumg UHSU groundwater o n w g  from OU 1 For example data from most of the 

UHSU momtomg wells downgradlent (south) of the French Dram were dry m Apnl 1993 a 
month mfied by hgh water table elevabons (DOE 1994a) 

1 4  Nature an d Extent of Co ntammabo n 

Thts secbon summarrzes the results of the nature and extent of conmunabon at OU 1 as 

presented m the Phase III RFWRI report Table 1 3 summarrzes the contarmnants identrfied m 
the Phase III RFI/RI report nature and extent assessment for the medu of groundwater surface 

sods subsurface sods surface water and sedments The mvemgabve programs for these 
medm were designed to charactem the nature and extent of contammation m the vicmty of the 

eleven MSSs as well as the mterventng areas of the 881 Hdlside Area The resultmg data 

m d n t e  that many of the MSSs are not sources of contamm&on Furthermore some sources 

occur outside of MSS or even OU 1 boundanes One of these situabons mvolves surface sod 

contammabon by amencium and plutomum, whch was shown m the Phase III RFI report to 

ongmate from withm Operable Umt 2 (OU2) Conudemg thls scenano al l  subsequent 
charactembon and rem& actwibes related to surface sod contammabon m OU 1 wdl be 

addressed under the OU 2 RFWRI and CMS/FS programs 

1 4 1 Volat.de Omamc Co mmunds 

Volat.de orgamc compounds (VOCs) are present m subsurface sods and groundwater at OU 1 

Chlomted solvents occur sporaddly m subsurface sods at the MSSs Sources for VOCs m 
groundwater appear to correlate with elevated concentrabons m subsurface sods Toluene occurs 

throughout OU 1 m subsurface sods at relabvely low concentxabons The nature and extent of 

the detecbons suggest the source of the toluene may be laboratory or field mtroduced 
contammahon-however these hypotheses have not been confirmed 
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Table 1-3 
(Contmued) 

Grouud Surface Subsurface 
Water sol1 &llb 

Contaminant Surface m m t b  
W a d  

a Contarmnants m surface soda am bemg addressed under OU 2 
Contammants m shaded medm did not result m a cancer nsk greater than 106 nor a hazard mdex greater than one 

X Contamuurnt i s  a COC wluch has been detected m the medium 
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Groundwater chemistry data mdIcate VOCs occur m three general areas (DOE 1994a) 

South of Buddmg 881 
MSS 119 1 area 
southeast of MSS 119 2 

W i t h  these three areas (see Figure 1 4) concentrabon gmhents and vamfions m analytes 

suggest that mulbple release pomts am hkely Random isolated detecbons of relabvely lower 

concentrabons (0 11 to 6 ug/l total VOCs) occur m the mtervemg areas Each of these areas 

is discussed m the followmg submons 

Area South of Buddme 88 1 

Groundwater m the area south of Buddmg 881 e ~ b i t s  relabvely low concentrabons of 

chlomated solvents (rangmg up to 130 pglf?) The spatml hstnbubon of these d m o n s  is 

quite mdom suggestmg potentml mulbple pomt sources H~stoncal mformabon combomte 

thls mterpretabon-the use or &sposal of chlomated compounds m drscreet areas (mcludmg 

promal MSSs 145 107 and 106) is not documented The maxunum VOC detecbon 130 pglf? 

of 1 1 1 trrchloroethane (1 1 1 TCA) o c c u d  at well 0187 Although thu well is m a t e l y  

down grahent of MSS 145, a subsequent sod gas survey presented m the previous Phase I 

RFI/lU Report revealed no 1 1 1 TCA m the sod gas sample collected closest to well 0187 

Sod gas survey results reveal a hgh concentrabon of tetrachlon>ethene (PCE) m sod gas 
appromately 30 feet southwest of well 5287 (DOE 1994b) Th~s detechon is the second 

hlghest out of several hundred sod gas samples mllected at OU 1 and suggests a potentad 

source for PCE m subsurface sods The detected concentrabon suggests the possible exlstence 

of residual or pooled dense nonaqueous phase Itquid (DNAPL) However PCE was not 

detected m groundwater samples collected from wells located r m m h t e l y  down gradIent of the 

sod gas detecbon (wells 548715387) suggestmg that either the solvent release dId not reach the 

water table (as a free phase wettmg front) or that groundwater is not present at the locabon of 
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the release These scemos flustrate the sporadic nature and relabvely low concentrabons of 

VOCs m thls area and suggest that mulbple pomt sources extst south of Buddmg 881 

MSS 119 1 Area 

Documented waste storage pract~ces at thls IHSS mcluded the release of chlomted solvents 

Invesbgahve actwibes confirm that these releases pose a contrnumg source for VOCs m 
groundwater VOC concentrabons are lllghest m the southwest porhon of thls IHSS an area 

e*bitmg drummed waste m hlstoncal aenal photographs The Phase I sod gas survey 

idenflied several locahons m thls area wlllch may represent discreet release pomts 

A compmson of the chemcal suite detected m groundwater at several locabons w i h  the drum 

storage area revealed at least two d~~trnct chemical mtures One is dommated by 

trrchlomethene (TCE) and 1 1 1 TCA (well 0974) whde the other is dormnated by carbon 
tetrachlonde (CCh) (well 1074) 

Phase III RFI/RI results suggest VOCs occur m the form of DNAPLs m a zone directly beneath 

IHSS 119 1 An aqueous plume of TCE TCA and several other VOCs emanates from this 

DNAPL zone along the preferentnl groundwater flow pathway "his pathway is cumntly bemg 

mtercepted by the French Dram 

The hstoncal maxtmum concentrabon of VOCs m groundwater at OU 1 occufied at well 4787 

although detechons at ths well have been charactenstdly sporadic and have mvolved relatwely 

low concentrabons Thls probably reflects the effecbveness of the French Dram whch was 

mstalled upgrahent of well 4787 As h u s s e d  previously, most momtonng wells downgmhent 

of the French D m  are dry 

Area southeast 0 f IHSS 119.2 

Concentrahons of chlomted solvents detected m two closely spaced momtonng wells 
downgmbent of MSS 119 2 (wells 6286 and 6386) are attnbuted to potentd VOC release areas 
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at both MSS 119 2 and upgmdrent of the operable umt The occurrences of these VOCs m 
groundwater withm the IHSS mclude one tune dete&ons of 9 3 pg/Z m UHSU well 34791 and 

0 1 pg/O LHSU well 4587 Chloroform detecbons occurred three tunes m well 4587 with a 

maxmum detecbon of 18 pg/Z 

Wells 6286 and 6386 ehbited VOC concentrabons and are located m a drarnage hydrauhdy 

downgmdrent from MSS 119 2 Therefore a VOC release pomt is suspected m MSS 119 2 

and is shown on Figure 1 4 based on the locabon of suspected waste drsposal features depicted 

on aenal photographs It is 

speculated that contammabon from the 903 Pad is also contnbutmg to the VOCs detected m 
momtomg wells on the €Idside The 903 Pad is upgmhent of the mpacted wells and is known 

to be a source for CCh and other dissolved cblomated solvents m groundwater 

The occurrence of chlormated solvents 111 subsurface sods m tfus area is lumted to a detemon 
of 140 pg/kg m borehole BH5887 The occurrence of VOCs m sod gas is h t e d  to low levels 

of PCE and 1 1 1 TCA at one locabon withm the MSS However the maptude of the sod 
gas detmons is seved orders of magmtude less than those noted near Buddmg 881 and M S S  
119 1 and are more representabve of the local background around MSS 119 2 Nevertheless 

as was the case at MSS 119 1, the presence of a VOC release pomt withm MSS 119 2 

boundanes is suspected based on the downgmhent groundwater chemistry 

The sue of thts suspected VOC release pomt is uncertam 

In summary VOC contammabon occurs m subsurface sods sod gas and groundwater at OU 1 

The nature and extent of VOCs m these medn mdrcate that three general source areas exlst (1) 

the area south of Buddmg 881 (2) MSS 119 1 and (3) MSS 119 2 Other MSSs m OU 1 and 

the mtervemg areas, occasionally e h b i t  random low level concentrabons whch may reflect 

sources upgmdrent of OU 1 

1 4  2 Metals 

Metal contammants detected at OU 1 mclude vanadrum and selemum These metals were 

si@icantly elevated m groundwater but not m subsurface sods H~stoncal mformabon does 

not mdute that these metals asmmted with wastes stored or drsposed of at OU 1 but elevated 
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concentrabons m areas where VOC wastes were stored It is unhkely that these metals were 

leached from the sod by orgmc wastes Qsposed of at OU 1 smce hydrauhc od and chlomted 

solvents have poor chelabon pmperhes and are not strongly aciQc or basic Four areas have 
been idenMied at OU 1 with elevated selemum and/or vanaQum as Qscussed below 

0 

MSS 119.1 Area 

Mulbple demons  of selemum and vanahurn were noted m momtomg wells located m the 

Southwestern porhon of MSS 119 1 (pigure 1 5) lJpcally the elevated metals were seen m 
assocmbon with VOCs In partrcular the hghest metal concentrabon (2200 pg/t of Se) was 

detected m a well with one of the hghest VOC concentrahons anywhere at OU 1 (Well 1074) 

The maxlmum downment  extent of selemum m groundwater at MSS 119 1 appears to be m 
the vicmty of well 0487 The occurrence of vanaQum is s a  to selemum except that 

vanaQum only occurs above background m UHSU welts 

1 

One detecbon of v&um was noted at well 5387 at appromately SIX tmes the background 

level of 30 mg/t Thls well ehbi ts  concentrabons of vmous chlomted compounds m the 1 

to 25 pg/t range Several potentml VOC source afeas have been idenMied m the area south of 

Buddmg 881 however well 5387 is not partmlarly close to the suspected source areas 

Nevertheless it is conceivable that the vanadlum present m groundwater at 5387 represents a 

plume ongmatmg from one of the VOC source areas previously Qscussed The extent of 

vanadium concentrabons above background near Buddmg 881 appears to be h i t e d  to the 

mmednte vicmty of well 5387 

0 
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Area East of MSS 102 I .  
One detmon of vanaQum and three detmons of selemum were noted above the background 
level m well 6986 No detmons of VOCs have been noted at h s  well It is unclear whether 
these detectrons represent contammahon or naturally occurrrng levels as the m m u m  vanadrum 

and selemum ConcentmQons represent 126 percent and 194 percent of background respec%vely 

Based on these relatmely low levels a contamtnant source IS not suspected m ttus area 

Southeast Comer of MSS 130 

Vanadrum is the only contarmnant detected at h s  locabon over background levels A m m u m  
of 403 pgll was detected at well 37191 whch represents approxmately five tunes the 

background level Only exceerllngly low levels of VOC contamnabon ( < 0 5 pglP) were found 
m asSOclilfion with the vanahurn The extent of vanahurn and selemum wntammabon m the 

southeast comer of IHSS 130 appears to be huted to the mdte vicmty around well 37191 

In summary metals detected at OU 1 were selemum and vanadrum These metals axe found 
\.I 
I above background levels pnmarrly m groundwater DetecUons occurred 111 four areas MSS 

199 1, MSS 119 2 south of buddmg 881 and east of MSS 102 

1 4 3 Semivolatde O r ~ m c  Communds 

The only semivolatde orgmc compounds (SVOCs) idenMied at OU 1 are PAHs and PCBs 

PAHs occur over most of OU 1 but are k t e d  to surface sods concentmbons tend to decrease 
with depth In the Phase III RFI/RI PAHs are generally not considered to be of OU 1 ongm 

However asphalt and residues from a fire reportedly Qsposed m MSS 130 (DOE 1994a) may 

be a source for PAHs PAHs have also been detected rn sedrments Several areas of OU 1 have 

been identfied where PAHs appear more concentrated relatwe to the sumundmg area These 

areas however do not comcide with IHSS locabons Given h s  drstnbuhon the sources for 

the PAHs at OU 1 are presumed to be general urban fallout mcludmg asphalt dust and larger e 
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pmcles vehcle exhaust furnace exhaust and fires on plant site Slmllat btnbubons of PAHs 

occur at other OUs at RFETS combomtmg thts presumpbon 

PCBs occur pnmardy m IHSSs 106 119 1 and 119 2 surface and subsurface sods genedy 

lower concentrabons were randomly detected m sumundmg a~eas The confarmnant release 

mechatllsm for PCBs is unknown One PCB detecbon has also been noted m sedments 

however the obsemabon was at the western OU 1 boundary upgmdient of the OU 1 source 

areas For this reason PCB occurrence is not considered to be of OU 1 ongm 

1 4 4 Radionuchdes 

Amencium, plutomum, and u m u m  have been identrfied as OU 1 confarmnants and are elevated 

m surface and subsurface sods In adQbon plutomum and amencium are elevated m surface 

water and sedunent The widespread plutomum and amencium contammabon m surface sod 

appears to be a result of deposibon of wmd dissemmated plutomum/amencium-contammated dust 

ongmatmg from the 903 Pad Area Consistent with thls hypothesis there is a general decrease 

m acbvibes from east to west (rangmg from a maxlfnum of 22 7 pCdg to 0 0076 pCdg of 
plutomum and 4 15 pCdg to 0 0129 pCdg of amenciurn) As menboned earher smce the 

source of u m u m  contammabon is surface sods is located m OU 2 this contammabon wdl be 

addressed by the OU 2 RFI/RI and CMS/FS programs 

In contrast to the wide spread plutomum/amencium conmunabon localued hotspots of 

plutomum/amencium or u m u m  are present at OU 1 These hotspots are postulated to reflect 

releases of mdionuchde contammated hquids stored m drums at OU 1, and have been addressed 

through an early removal acbon Qscussed m sectton 1 7 Areas withm IHSS 130 contam low 

actwihes of amencium and plutomum above the upper tolerance h u t  (UTL) m the shallow 

subsurface sods mdxatmg a near surface widespread sou= Loahzed areas w i t h  the IHSS 
do contam low acbvibes of plutomum and amencium above the UTL at depth 

UnWre plutomum and amencium u m u m  conmunabon is not wide spread Instead u m u m  
occurs at discrete locabons m surface and subsurface sods at OU 1 In some areas u m u m  
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233 234/umum 238 mbos of appmxunately 1 to 2 suggest detecbons represent naturally 

occumg u m u m  In other areas u m u m  233 234/umum 238 mbos are hgher suggestmg 

contammabon by emched u m u m  As is the case for other raQonuchdes surface sod 

contammation by u m u m  wdl be addressed by the OU 2 RFI/RI and CMS/FS programs 

Aside from areas w i h  IHSS 130 the &stnbubon of radtonuchdes at OU 1 appear random, 

rather than correlatmg with the IHSSs 

1 4 5 Summary of Nature and Exte nt of Contammabo n 

In summary contarmnant groups represented m OU 1 medm mclude VOCs SVOCs PCBs 

metals and mhonuchdes One or more contamnants from these groups has mpacted surface 

sods subsurface sods surface water sedments or groundwater The Qstnbubon of these 

contarmnants m these medn is largely random only MSSs 119 1 and 119 2 and the area south 

of Buddmg 881 e h b i t  clear evidence for considemon as sources MSSs 102 130, and 106 

also exhbit contammabon but the nature and Qstnbubon of detechons M these areas is 

mdcabve of potentd background contammhon or off site sources 
I (I, 

1 5 Fate and Transport of Co ntamlnanfs 

"his secbon Qscusses potentd mechamsms by whch contarmnants identdied m the Phase III 
RFI/RI can migrate Although several mechamsms are identdied M the followmg secbons the 

groundwater mecfium is the most signdlcant pathway Figure 1 6 depicts potentd groundwater 

migrabon pathways Note that thls figure does not represent the volume and velocity of 

groundwater flow m these pathways Many areas of OU 1 are currently dry and remam dry 
throughout the year The mgrabon pathways presented m the figure present potentd pathways 

assummg adequate groundwater is present 
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1 5  1 Volatde oreantc Com-pounds 

The release mechamsms for VOCs at OU 1 are vaned and mclude product leakage from stored 

drums possible leakage of ddute aqueous solubons of VOCs from pipehes and seepage of 

aqueous VOC solubons or product from unpoundments and Qsposal pits In the area south of 
Buddmg 881 a release mechamsm may mclude lealung samtary sewer hes (IHSS 145) In the 

western porhon of OU 1 (IHSS 119 1) the release mechamsm is most lrkely leakage from drums 

stored on the land surface 

Once the contarmnant has entered the subsurface the pathways for VOC mgrabon mclude 

gravity dnven wettmg fronts of aqueous soluhons andor small volumes of p d u c t  through the 
vadose zone to the water table In the case of product otherwise known as non aqueous phase 

hquid (NAPL) the density and relabve m s c i b h t y  of chlomated solvent can result m verhcal 

rmgrabon of non aqueous phase contanunabon through the saturated zone 'Rus verhcal non 

aqueous phase mgrabon can be arrested If the geologc m a t e d  retams the NAPL as residual 

or If mpermeable m a t e d  is encountered In either case dlssoluhon to groundwater from 

residual or pooled NAPL can form an aqueous phase plume Pnxipitabon and lnfiltratton would 

also contnbute to VOC nugrabon as chlomted solvents are Qssolved and transported 

downward by ditratmg snowmelt and ramwater 

e 
I 

Dissolved phase contammints migrate m the d.uecbon of groundwater flow The rate of 

migrabon is dependent on the groundwater velocity and the af'fjmty (or attracbon) to the geologc 

mateds In the case of OU 1 the mgrahon rates of orgamc confarmnants identrfied m the 
Phase III WRI report are retarded relabve to the groundwater velocity due pnmardy to 

relabvely elevated attracuon to the clayey rnateds Retardaton is parhcularly sigmfimt for 

OU 1 contarmnants with hgh octanol water pmhon coefficient (I?,,,,) values lrke CCl,, (DOE 
1994a) 

At OU 1 UHSU groundwater flow patterns are controlled to a large degree by the topography 

of the bedrock surface Acbve channels m the bedrock are covered by unconsohdated ma ted  

of varymg thckness that is vanably saturated Typically groundwater wdl flow towards the 1 0 
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axzs of the bedrock channel and contmue downgmhent along the axzs of the channel toward the 

south The exlstmg French Dram acts as a hydmuhc h e r  whch mtercepts contamuted 

groundwater m the western and central pomons of OU 1 pnor to reachmg Woman Creek In 
the eastern portron of OU 1 where the French Dmn does not extend the potentnl for 
mntammant mgrahon to Woman Creek exlsts but has not been confiied 

e 

VOC contammated groundwater may also chscharge to surface water through seeps whch have 

hstoncally been observed at OU 1 (DOE 1994a) WMe VOCs ln surface water have been 

pnmously detected m the SID the more nxently constructed French Dram has mtercepted this 

pathway 

Other mgrahon pathways for VOCs lnclude volatdmhon of product mto sod gas and subsequent 

migmhon of sod gas latemy and vemcally away from the source area VOCs can also parhhon 

out of contammated groundwater mto sod gas move from sod gas mto groundwater or desorb 

from geologc m a t e d  mto sod gas Considemg the volatde nature of VOCs, they should not 

mgrate m sigmficant quanbtm through surfam water or v n  wmd transport of VOC 

contammated surf'ace sod 
0 

1 5  2 Metals 

The mechmsm for the release of metal contammants mto the envmnment is less clear than for 

VOCs Selemum and vanaQum are undocumented RFETS contarrrmants that are presumed to 

be assocnted with the VOC wastes stored and Qsposed of at OU 1 It is unhkely that selemum 

and vanadmm were leached from the sod by orgatllc wastes d~sposed of at OU 1 smce hydraultc 

od and chlomted solvents have poor chelahon properks and are not strongly acichc or basic 

Nevertheless the potentnl for leachmg of these metals exlsts Alternatwely these conshtuents 

may be naturally occunvlg however there is msufficient data to support either conclusion In 
either case the pnmary rnigmoon pathway is as a Qssolved phase contammnt plume m 
groundwater Thls migrahon is the same pathway d~scussed m S-on 1 5 1 for VOCs 
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1 5 3 Semivolatde Onzamc Communds 

It is presumed that PAHs were deposited at OU 1 from fallout of combusbon products or wmd 

blown asphalt dust Asphalt dust and larger parkles may also have been transported and 
deposited by vehcles traversmg OU 1 or by dlsposal of asphalt waste at OU 1 

Once m place the dlspersion mechamsms for PAHs mclude verhcal mgrabon by ddtratmg 

surface water carrymg lssolved PAHs or small partxles with sorbed PAHs The low solubhty 

and hgh orgmc carbon W Q o n  coefficient &) values of PAHs h u t  rnobhabon of 
si@icant quanbbes m the d~~solved form and a -on of part~culate matter through the 

porous medm at OU 1 is unhkely to transport si@icant non aqueous PAH mass Therefore 
PAH transport vlil groundwater at OU 1 is not si@icant Other transport mechamsms mclude 

surface water and wmd transport of pa.rhculate but soil and sedment data mhcate these 
migrabon pathways are also msignrficant for PAH transport 

a  rans sport mechamsms for PCBS are smula.r to those for PAHS PCBS are expected to be very 
unmobrle gwen the hgh k, values and the hgh carbon and clay content m surface soils at 

Adsoqmon of PCBs at OU 1 is expected to be substantml on sods and clay pmcles 

I 
OU 1 

(DOE 1994a) 

1 5 4 Rahonuchdes 

Transport mechamsms relevant to mhonuchdes are slmllar to PAHs In part~cular, plutomum 
has a strong affiity for the sohd phase and wdl not be readdy mob- by precipitabon and 

mfiltrabon Plutomum is strongly adsorbed to clay parucles and is expected to undergo strong 

cabon exchange reamons due to its strong positive charge (DOE 1994a) The pnmary transport 

mechmsm for plutomum is wmd hspersion 
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1 5 5  SQ f 

The pnmary mode of contammant transport at OU 1 is through groundwater The &stnbuQon 
of contammints m groundwater flustrates the flow dmcbons and pathways whch trend south 
towards Woman Creek These pathways are mtercepted by the French Dram system pnor to 

mchmg Woman Creek except possibly m the far eastern poaon of OU 1 Chemical data 
md~cate that the pathways transport contammints from three pnmary source areas MSS 119 1 

119 2 and south of buddmg 881 Groundwater contammabon outside of these pathways is 

random and generally mvolves relabvely low concentrabons 

1 6  Base h e  Ruk Assessment 

The OU 1 Baselme &sk Assessment (BRA) consists of both a pubhc health evaluabon and an 
envmnmental evaluabon The pnmary purpose of each evaluabon is to examme the current and 

future nsks assoaated with contarmnants idenMied dumg the analysis of the nature and extent 

of contammabon The following subsecbons summarize each evaluabon and provide an overall 

summary of the nsks assocmted with OU 1 
(D 

I 

1 6 1  Pub hc Health E Val- 

Dunng the course of the Pubhc Health Evaluabon (PHE) site populabon and land use data 

were analyzed m order to devise several representatwe exposure scemos @otenWy exposed 

receptors) for assessmg the nsk to current and future human health from identrfied contarmnants 

at the 881 Hdside Area For each of these scenarios pathways were analyzed whch 

represented exposure routes from the source to potentml receptors 

Pathway elements were exammed relabve to the results of the Phase III field mvesbgabon whch 
m&cated that contammbon exlsts m the followmg m& groundwater surface sods 

subsurface sods sedments and surface waters The contarmnants identrfied m these areas 

mcluded VOCs PAHs PCBs morgmc contammints and mhonuchdes The contarmnant 

release mechmsms evaluated for OU 1 mcluded leaclung volatkahon and resuspension of 0 
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parbculates by wmd Potentnl transport medu identrfied were surface water groundwater au 

sod and biota The exposure route (the route of entry mto the human body) for these medm 

mcluded mgesbon mhalatIon and dermal contact In accordance with the Rzsk Assessment 

Gurdance for Supellfiutd Volwne I Hwnan Health Evaluahon Manual (Part A) (EPA 1989a) 

If any of the above menhoned pathway elements is missmg the proje~ted receptor wdl not 

receive a chemcal or mhonuchde dosage and no excess nsk wdl exlst from that contammt 

@ 

The OU 1 physical envmnment mcludmg the French D m  and treatment system was 

considered with mformahon about the potenmy exposed populahon land use scemos, and 

exposure pathways to form the conceptual site model Thls was evaluated to iden* complete 

pathways for c d b l e  and plausible exposure scenanos The followmg hst describes p f i c  

exposure scenanos and assocmted pathways that were selected for quanbtatwe assessment 

Current off Site Resident 

- Inhalabon of auborne parbculates 
- Sod mgeshon (followmg deposibon of parbculates on residentml sod) 
- Dermal contact with sod (followmg anborne deposibon of partlculates) 
- Ingeshon of homegrown vegetables/fruit (followmg surface Qsposihon and uptake of 

partlculates) 

Current On Site Worker 

- Inhalabon of anborne parbculates 
- Sodmgesbon 
- Dermal contact with sod 
- Sedment mgestron 
- Dermal contact with sedment 
- Surface water mgeshon 
- Dermal contact with surface water 

Future On Site Worker 

- Inhalahon of VOCs m mdoor an (office worker only) and outdoor an (construction 
worker only) 

- Inhalaaon of anborne part~culates 
- SodmgestIon 
- Dermal contact with sod 
- Sedment mgeshon (office worker only) 
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- Dermal contact with sedment (office worker only) 
- Surface water mgesbon (office worker only) 
- Dermal contact with surface water (office worker only) 

Future On Site Ecologcal Researcher 

- Inhalabon of e r n e  parhculates 
- Sodmgestson 
- Dermal contact with sod 
- Sedment mgesbon 
- Dermal contact with sedunent 
- Surface water mgesbon 
- Dermal contact with surface water 

Future On Site Resident 

- Inhalabon of mdoor VOCs from basement vapor 
- Inhalabon of part~culates 
- Sodmgesbon 
- Dermal contact with sod 
- Sedment mgesbon 
- Dermal contact with sedunent 
- Surface water mgesbon 
- Dermal contact with surface water 
- Ingesbon of homegrown vegetables/hit (followmg surface deposibon of part~culates 

and uptake) 

The results of the BRA mhcate that only the medxi of groundwater and surface sods present a 

nsk greater than the acceptable nsk range of 104 to 10-6 The nsk to a human receptor from 

exposure to groundwater contarmnants of concern (COCs) is dnven pnmarrly by the exposure 

routes of mgesbon and mhalabon of volatdes For a future on site resident h nsk is on the 

order of lo3 to 10 * but apphes only to exposures occurring M y  at IHSS 119 1 

The nsk to a human receptor from exposure to surface sod COCs is dnven pnmatrly by the 

exposure routes of mgesbon of vegetables and mhalabon of particulates For a standard future 

on site resident tlus nsk is on the order of lo3 It should be noted however that thls nsk is 

based on OU 1 sitewide average rahonuchde concentrabons These average ra&onuchde 

concentraQons rnclude a few areas of lugh contammant concentrabons (1 e hotspots ) that are 

lunited m extent and only exlst withm the boundanes of MSSs 119 1 and 119 2 These hotspots 0 
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were remedmted under an early removal amon for OU 1 to measured (local) background 

concentrabons The nsk to a future on site resident excludmg the hotspots is much lower than 

calculabons mdnte when mcludmg the hotspots msk results are summanzed m Tables 1 4 and 

0 
I 1 5  

1 6  2 Envlronme ntal Evaluabo n 

I As part of the overall BRA an envmnmental evaluabon (FZE) conducted to ascertam whether 

contammabon resultmg from RFB'IS amwbes m OU 1 may have mpacted or could adversely 

unpact ecologcal receptors m the vicmty Ecologcal receptors are operabody defmed as 

plants and anunals other than humans and domesbcated species 

COCs were selected for the EE based on a comparison of maxmum concentrabons of OU 1 

contarmnants to benchmark values COCs ident&xl m the BE mclude VOCs PAHs PCB, 
mhonuclrdes and selemum The EJ3 evaluated the mpact that these COCs had on the followmg 

Vegetabve Commumty 
Small Mammal Commumty 
Mule Deer Populabon 
TOXIC Exposure to Top predators 

The results of the EE m&cate that the concentrabons of VOCs m groundwater and PAHs and 

PCBs m sods are po ten tdy  toxxc to ecolog~cal receptors however, the restncted Qstnbutxon 

of these contammants h u t s  the dumbon and frequency of contact with receptors and therefore 
h u t s  exposures 

1 6 3  fi- 

As mdcated by the PHE porhon of the BRA nsks to human receptors at OU 1 are pnmanly 

associated with exposure to groundwater COCs Although thls medlum is not available for 10 
OU 1 CMSlFS Report 

Febnury 1995 
a a i m  d  rea 

1 32 



Table 1-4 
Summary of OU 1 Pomt m t e s  of Carcmogemc h k  

' 8 ,  

ll SCenanO Dormnant Pathway 

current 

On Site Worker (Security 1 x 104 Plutomum 239 240 Inhalation of dust 
specialist) 

Off Site Resident (Adult) 2x104 Plutomum239 240 Inhalahon of dust 

Standard Future 

(Office) 

Future On Site Worker 
(construct10n) 

On site Ecological 2 103 

On Site Resident (Adult) 3 x 103 

Future On Site Worker 2 x 103 

4 x 10' 

Researcher 

other Future 

On Site Resident (Adult) 
(Sitewide With Groundwater) 

6 x la3 

7 x la2 On Site Resldent (Adult) 
(Assurmng Adequate 
Groundwater At Source) 

On Site Resident (Adult) 
(Groundwater At Source 
With Public Water) 

(without SoU~/WlthOUt 

4 x la2 

On Site Resident (Adult) s x io5 

Groundwater) 

Plutomum239 240 Inhalahon of dust 

1 1 I)lchlorocthcne Inhalahon of volatdes 

Plutonlum239 240 Inhalation of dust 

Plutcrmum239 240 Inhalation of dust 

1 1 I)lchloroethene 

1 1 fichloroethene 

Plutomum239 240 

I)lbenzo(a h)anthracene 

Ingeshon of groundwater 

Ingesbon of groundwater 

Inhalation of dust 

Ingestion of vegetables 

Plutomum co centrabom re burned lugb by th prsclence of I O V ~  hotspota wluch h v  been removed und UI ea ly removal &on 
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Table 1 5 
Summary of OU 1 Point I m a t e s  of Noncarcmogexuc R s k  

scenario 

cufient 
On Site Worker (Secunty 

Off Site Resident 

SpeCiallSt) 

Standard Future 

Future On Site Worker 
(Office) 

F u W  On Site Worker 
(Construction) 

On site Ecologlcal 
Researcher 

On Site Resident 

Total Hazard Index 

mmnant coc Dominant Pathway 

N/A 8 x W  Pyme Dermal contact with soil 

1x10' 6x108  Fluorene hgeshon of vegetables 

NIA 3 x lo3 1 1 1 Tnchloroethane Inhalahon of volatiles 
through foundation 

dunng excavation 
NIA 1 x 104 1 1 1 Tnchloroethane Inhalabon of volatiles 

Dermal contact with soil I NIA 1 2 x  lo3 I Pyme 
I I I 

2 x lo2 5 x lo3 1 1 1 Tnchloroethane Inhalahon of volatiles 
through foundahon 

other Future 

On Site Resident (Sitewide 
With Groundwater) 

On Site Resident 3 x 
(Assurmng Adequate 
Groundwater At Source) 

2 x lo+' 

On Site Resident 
(Groundwater At Source 
With Public Water) 

On Site Resident (Without 
sourcelwlthout 
Groundwater) 

3 x lo+' 

7 x 1 0 3  

1 x lo+' Carbon Tetrachlonde hgeahon of groundwater 

3 x lo3 Fluorene Ingestion of vegetables 
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current residenttal use ths scemo presents the lughest and only unacceptable nsk per the 

NCP guidehe of 104 to lod Envmnmental nsks currently have not been identrfied by the 

Phase III RFWRI and therefore do not warrant further exammabon 

0 

OU 1 nsks are a result of widespread contammabon found m low concentrabons and m vanus 

medm throughout the site The Phase III RFI/RI results m&cate that for the most part mdwidual 

IHSSs cannot be assocmted directly with any one contarmnant group or area Table 1 6 hsts the 

pmary contammants present at each IHSS IHSS 119 1 119 2 and the area south of Buddmg 

881 represent the pmary sounxs for contarmnant mgraQon 

1 7 Intem Measureshtem &me&al A&om 

The IM/IRA that was completed for OU 1 consists of a French Dram designed to collect 
contammated alluvnl groundwater from the operable umt and to prevent further downwent  

migmbon of contanwants The IM/IRA mcluded a g e o t e c h d  mvestrgabon that was 
performed m order to evaluate the site charactemt~cs along the proposed French Dram a h p e n t  
@G&G 1990) Constru&on of the French Dram began m November 1991 and was completed 

m Apnll992 The water treatment plant located m Bufldmg 891 is part of the IM/IRA and wdl 

be converted to sitewide uses H e r e a r  ths plant is referred to as the Buddmg 891 water 
treatment plant 

0 

The French Dram was constructed by excavatmg a trench approxmately 1 435 feet 111 length 
(DOE 1994a) The trench was keyed mto bedrock m a t e d  that ehbited a hydrauhc 

conducbvity on the order of 1 x 10-6 cm/sec A permeable membrane was placed on the 

upgradent side of the dram and an mpermeable polyvmyl chlon& membrane was placed on 
the downgradent side of the dram A perforated pipe was placed along the dram to collect 

groundwater and the dram was backfilled with gravel and then sofl Currently groundwater 

collected from the draxn is fed mto an ultmviolet and hydrogen pemnde (UV&O,) treatment 
umt for treatment of orgamc compounds Inorgmc contarmnants are removed vm a senes of 

ion exchange columns 

I. 
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Table 1-6 
Summary of Pnmary IHSS Contarmnants 

105 1 & 
105 2 

106 

Number IHss I 

Low levels of VOCs m groundwater PCE 
detected below d e m o n  l m t  potential 
solvent contammation m soils at north end 

Groundwater contammated with chlormated 
solvents potential solvent contammation m 
sods at north end 

Duposrtron 

I 

102 I Groundwater contammated with PCE and I Considered in Buddmg 881 Area 

119 1 & 
119 2 

TCE 
I 

Groundwater contammated with chlormated 
solvents and selemum possible DNAPL 
sources in subsurface radionuclide hotspots 

1 03 Possible groundwater and subsurface sods 
contarmnated with low levels of PCE and 
TCE 

1 45 

Considered m Building 881 Area 

Groundwater contammated with chlormated 
solvents potential low level rad 
contammation 

104 Potential toluene in subsurface and 
groundwater wide array of PAHs 

Not identified as a source no 
action requved 

I 
Considered m Buddmg 881 Area 
although not identdied as a source 

Considered m Buddmg 881 Area 
although not identified as a source 

Groundwater contammated with chlormated Considered in Buddmg 881 Area I although not identified as a source I solvents 

Considered under MSS 119 1 and 
Area East of 119 2 

~~ 

130 
~ ~ ~~~~~~~~~ 

Radionuclide-contammated soil and asphalt 
PAHs m subsurface sods 

~ 

No risk pathway for rads and 
PAHs m subsurface soils no 
action required Not identified as 
a source of VOCs 

Considered in Budding 881 Area 
although not identified as a source 

Radionuchde and PAH oontamrneton m near eurface~ sob IS bemg eddrsgeed under OU 2 
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2 0 IDENTIF'ICATION AND SELECTION OF TECHNOLOGIES AND 
REPRESENTATIVE PROCESS OPTIONS 

The COCs screened m the PHE and EE were 

Thls secfion summanzes the results of the identdhbon and selmon of technoloees and 

representatwe process opbons used m the development of rem& a o n  altematwes for OU 1 

Techolog~es and representatwe process opQons were identdkd screened evaluated and then 

selected for further evaluaaon m the CMS/FS Thls sequentd task is outhed and discussed 

m both CERCLA RI/FS and RCRA CAP guidance Bnefly summanzed EPA guidance 
identrfies the followmg elements for selectmg representatwe process opbons 

Identrfy hst of contarmnants of concern 

Develop medn spec& RAOs 

Identrfy Prelmmary Remedmbon Goals (PRGs) 

Develop medm specfic GRAS 

Identify volumes andor areas of the medn for GRAs 

Idenw and screen technolog~es and process opQons apphable to each GRA 

Evaluate process Wons  w i t h  each technology type to select a representatwe opbon 
for developmg remedd amon dtematwes 

2 1 Contarmnan ts of Concern 

The hst of contammants identrfied 111 the Phase III RFWRI nature and extent assessment is 

summanzed m Sechon 1 0 of h s  report Potentad contammts identtfied early M the RFURI 

process were subjected to a mulb level screenmg process that resulted m pubhc health and 

ecolog~cal COCs for mclusion m the PHE and EE The screerung process shortened the hst of 

potentad contammints that are also nsk contnbutors Contarmnants that survived the nsk based 
screerung process are designated as COCs m the BRA 
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carbon tetrachlonde 
1 1 dchloroethene 
tetrachloroethene 
1 1 1 tnchloroethane 
tnchloroethene 
toluene 
selemum 
PANS 
PCBs 
amencium 
plutomum 
uramum 

The screenmg of COCs for sigmficant nsk to ecologcal Tecepfors found that none of these 

contammants contnbute a sigdicant nsk to ecolog~cal receptors In adhbon, adverse mpacts 

to the environmental receptors have not been identdled m the EE Therefore COCs for 

ecolog~cal receptors are not further evaluated m thts report 

The screenmg of the contammints for human health risk found some contammnts do contnbute 

a sigmficant nsk The risks asmmted with some of the confarmnants m groundwater exceed 

lo-" for future residentnl receptors withm the OU 1 boundanes The followmg groundwater 

COCs are idenMied at MSS 119 1 

carbon tetrachlonde 
1 1 dchloroethene 
tetrachloroethene 
1 1 1 tnchlomethane 
selemum 

These COCs only represent a porhon of the contammnts idenuied at OU 1 The complete hst 

presented m Sechon 1 0 wdl be exammed relatwe to remedud acbon altematwes 

2 2  Rem- Amon Obiecb ves 

RAOs were formulated usmg appropnate regulatory guidehes ( le  EPA RYFS and CAP 
guidances and the NCP) and by exammng the relevant COCs and theu assocmted exposure 
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pathways In general RAOs are contamrnant and medwm specrfic goals for p m W g  human 

health and the envmnment In developmg appropmte RAOs guidance states that objectwes 
should be as specfic as possible but not so specfic that the range of alternatwes that can be 
developed is unduly h t e d  In order to quanw RAOs, PRGs were developed that pmvide 
an ident&ahon of what an acceptable contarmnant level or range of levels would be for each 

exposure route of concern Note that a nsk range is presented for those RAOs that spec* a 

protectweness level The range is necessary smce PRGs are typically estmated based on a nsk 
level of 1 x lo6 for each contammnt Dependmg on the number of contarmnants present the 
summed residual nsk may therefore be shghtly hgher than 1 x 106 hence the defined acceptable 

range 

0 
I 
I 

Review of the groundwater COCs and the asmnted exposure pathways resulted 111 the followmg 
RAOs 

1) Prevent the mhalahon of meshon of and/or demal contact with VOCs and morgmc 
contarmnants rn OU 1 groundwater that would result m a total excess cancer nsk 
greater than lo4 to 106 for carclllogens andor a hazard mdex greater than or equal 
to 1 for non carclllogens 

2) Prevent mgrabon of contarmnants from subsurface sods to groundwater that would 
result 111 groundwater contammabon m excess of p0tentm.l groundwater ARARs for 
OU 1 contammints 

3) Prevent mgrabon of contamrnants m OU 1 groundwater from adversely mpactmg 
surface water q d t y  m Woman Creek 

These RAOs have been used to d e t e m e  the area or areas withm OU 1 requmg rem- 

achon evaluabon The RAOs have been further quant&xl through the development of PRGs 
I 
I 

2 3 Prelmmary Remedrauon Goals 

Thrs secQon presents the sources of mformabon used for idenwmg appropriate PRGs for OU 1 

PRGs are generally idenMied through use of &y avadable m€ormaUon such as chemcal 
specflic ARARs or other rehable mformabon @PA 199Oa) Where ARARS or tobe 
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considered (TBC) cntena are not avadable, PRGs are developed on the basls of a 106 pomt of 
departure nsk for each chemcal w i t h  a gven m d u m  "Ius also apphes when ARARs are 

not considered sufficiently protectwe because of the presence of mulhple contamrnants or 

multiple pathways of exposure 

Note that PRGs developed at ths stage are considered mtd goals whch may be modified 

through the course of the CMS/FS F d  remedmbon goals are not selected untd the remedy 
selecbon phase o€ the CMS/FS accorrlmg to the NCP mqumments The ARARS presented m 
Smon 2 3 as well as the nsk based PRGs can be consided mtd cleanup goals however 

exact cntena for final remedmbon wdl be selected as the CERCLA process proceeds fither 

set of cntem could be used a combmabon could be used or revised PRGs could be used If 
necessary The decision as to whether or not revised PRGs are requmd is based on the cntem 

descnbed 111 the preamble to the NCP (55 Federal Regster m] 8717, March 8, 1990) whch 
states that 

prelunlnary remedmbon goals may be revised based on the considexabon of 
appropnate factors mcludmg but not hmted to exposure factors uncertamty factors and 
techcal factors 

Refemg to the detluled analysis of altematwes the preamble also states that 

The final selecbon of the appropnate nsk level is made when the remedy is selected based 
on the balancmg cntem 

Generally chemical p f i c  ARARS take precedence over nsk based PRGs however as noted 
above final cleanup goals wlll depend on a vanety of factors and wdl be agreed upon by the 

partmpatmg agencies (1 e DOE EPA and CDPHE) 
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CERCLA Secbon 121(d)(2) provides a statutory basis for determmg ARARs ~fl a remedml 

acbon context Concemmg hazardous substances pollutants or contamrnants that wdl remam 

on site 

If any standard requmment cntem or h ta t ron  under any federal envmmental law 
or any [more strulgent] promulgated standard requmment cntem or lumtabon under a 
state envmnmental or fachty sitmg law is legally apjWable to the hazardous 
substance concerned or is relevant and appropmte under the cmumstances of the release 
or threatened release of such hazardous substance pollutant or contarmnant, the remedal 
actron shall requm at the completron of the rem& amon a level or standard of control 
for such hazardous substance pollutant or contammint whch at least a m s  such legally 
apphcable or relevant and appropmte standard requmment c n t e ~  or b ta t ron  [42 
Umted States Code (USC) 5 9621(d)(2) 3 

where apphcable requmments are those 

cleanup standards standards of control or other substautwe envmmental 
protectron requmments cntem or lunitatrons promulgated under federal 
envmnmental or state envmnmental or fachty sitmg laws that specfically address a 
hazardous substance pollutant contamumt =medal amon locahon or other 
cmumstance found at a CERCLA site Only those state standards that arr: identdied by 
a state m a tunely manner and that are more stmgent than federal requnements may 
be apphcable 

Accorrlmg to the NCP and the CERCLA Complrance wrth Other Laws Manual @PA 1988b) 

Relevant and appmpnate requmments are those cleanup standards standards of 
control and other substantwe requmments cntem or h m o n s  promulgated under 
feded envmnmental or state envmnmental or facrlty sitmg laws that whde not 
apphcable to a hazardous substance pollutant contarmnant remedal amon locatron 
or other cmumstance at a CERCLA site address problems or sitmuons sufficiently 
sfrmlar to those encountered at the CERCLA site so that therr use is well suited to the 
parhcular site Only those state standards that are idenMied 111 a tmely manner and 
are more stringent than federal requmments may be relevant and appropmte 
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Potentml chemical specfic ARARs have been idenMied m accordance with CERCLA guidance 

and the requmments of the NCP [see Title 40 Code of Federal Regulatxons (CFR) Part 300 
S u b w o n  43O(e)(2)(i)] Chemcal specfic requmments under a vanety of Federal and state 
laws were reviewed to iden* potentml groundwater chemical specdic AaARs 

0 

The NCP also requms an evaluabon of current or potentml uses of the groundwater as part of 

the detemmbon of ARARs (40 CFR 300 430(e)(2)(x)(A)(3) The groundwater class~cabon 

at RFETS is dmussed m the context of current and potentml future uses of groundwater beneath 

ou 1 

2 3 2 Cumnt Groundwater Class ficabon 

The Colorado Water Quahty Control Commission (CWQCC) designated the Quaternary and 

Rocky FQts Aqulfers beneath the RFETS as domesbc use quahty agtrcultural use q d t y  and 

surface water protectson accordtng to 3 12 7 of 5 Colorado Code of Regulatxons (CCR) 1002 8 

The mtent of these classdications is to protect specfied groundwater from uncontroued 

degradabon and thereby protect exlstmg and future uses of groundwater (5 CCR 1002 8 

Subsecbon 3 11 9) 

0 

2 3 3 Selecbon of Groundwater PRGs 

Vanous laws and regulabons have been reviewed for general apphcabhty m the search for 

potentml groundwater cleanup standards at the OU 1 site The laws and regula&ons =viewed 

are 

Safe Dnnlung Water Act and the unplementmg Federal and State programs (40 CFR 
140 141 and Colorado Revised Statutes (CRS) 25 1 107 109,25 1 114, and 24-4-104 
through 105 mcludmg the State drrnlung water regulabons 

Resource Conservatxon and Recovery Act and the State s unplementmg regulatxons (6 
CCR 1007 3) and 

State Water Quallty Control Act and the groundwater quahty mplementmg regulabons la 
OU 1 CMWFS Report 
881 Hdlside Area 
February 1995 2 6  



(5 CCR 1002 8 3 11 Oand 3 12 0) 

Table 2 1 idenMies the numencal standards assocnted with each of the regulahons related to 

quahty of groundwater Further review of each set of related groundwater regulahons and the 

guidance estabhshed specfic to the NCP regulauons (40 CFR 300 430 (d)(2)(1)) refmed thls ltst 

of potentd numencal standards The most -gent numenc standards that have been 

promulgated and whch meet the defkuuon of general ajqhcabhty m 40 CFR 300 400(g)(4) are 

the State Groundwater Standards m 5 CCR 1002 8 3 11 5 The maxunurn contamrnant levels 

(MCLs) estabhshed m the State and Federal dmkmg water pmgram are less strrngent than the 

State Basic Standards for Groundwater The Resource Conservatron and Recovery Act 

groundwater protechon standards do not mclude MCLs for most of the contamlflitnts of concern 

at OU 1 Therefore the State Basic Standards for Groundwater were selected as the potend 

chemical spec& ARARS The numenc site-specfic standards m 5 CCR 1002 8 3 12 0 are to 

be considered m the evaluahon of remedmhon altemahves for OU 1 

0 The statewide standards for groundwater are idenMied as the m d  PRGs for OU 1 and are 

presented m Table 2 2 
I 

2 4 General Response Achons 

GRAs are general response strateges that are designed to satu@ remedd amon objechves 

Examples of GRAs mclude treatment contarnment excavahon and extramon GRAs are 

m d u m  specfic and therefore a hst of GRAs are developed for each medum of concern 

GRAs were idenMied for the groundwater medmm at OU 1 because contamrnants of concern 

and PRGs are focused on th~s medmm Smce subsurface sods are a potend contmual source 

of groundwater contammuon subsurface sod GRAs were also developed whch seek to protect 

groundwater from possible residual contammhon 
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Table 2-2 
Cornpallson of Emstlng Concentrations and Groundwater PRGs 

(State Basic Standards for Groundwater) 
(Plm 

Chemical 
IHSS 119 1 -1- 

Concentrahon Concentrahon Remebhon 
(grand mean)' (grand mean)' Goal2 

II 
Carbon Tetrachlonde 81 20 360 6 1 

chloroform (total tnhalomethanes) 4 68 16 6 

1 1 Dddoroethane 2 10 494 1 O l O b  

1 2 Dddoroethane 6 10 3 7  1 

1 1 DwAloroethene 283 23 1 270 7 

1 2 Dichloroethene NIA NJA 32gb 

CIS 1 2 Dichloroethene 0 52 2 62 70 

' F d P h  IIIRFIiRIBRA J n 1994 
CDPHWWQCC Ba 
PQLS from CDPHWWQCC Bas Standards for Groundwater 3 11 0 
Pmgrammatl I s k  Based Prel ~ I M V  R e d  abon Gods SGS 545 94 Octobe 1994 (commu&on worker scenmo) 

RCRA Oro ndwater protectron Standard 6 CCR 1007 3 264 94 

Standards for Groundwater 3 1 1  0 
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2 4 1 Subsurface Sod General Rem nse Acbons 

The GRAs identified for the OU 1 subsurface sod medmm are no acbon msfitubod controls 

contamment removal Qsposal m situ treatment and ex situ treatment These GRAs target the 

subsurface sod RAO identrfied earher m Secbon 2 2 The RAO is focused on prevenbon of 

groundwater dewdabon from residual subsurface sod sources A bnef descnpbon of each GRA 

is provided below 

I 

No Acnon Requued by CERCLA as a benchmark for comparmn agamst other 
r e m W  achon alternafives Thls mphes that no duect acbon wdl be taken to alter 
the exlstmg situabon other than short and long term momtormg of site conQbons 

InShtutrOnd Controls Refers to legal controls or management pohcies whch rrrrmmrze 
exposure to potentd contarmnants, such as restnctmg land use 

Contuznment For subsurface sods contamment would consist of m o n s  whch 
rrrmtmlze the spread of contammabon and/or mrmmlze the mfidtrabon of groundwater 
whch could be contammated by subsurface sod contamrnants 

Removal For OU 1 removal mphes excavafion of contammated sods for txtatment 
or Qsposal May be combmed with extramon of contammated groundwater m areas 
of subsurface sod excavabon May also mclude dust control measures dumg 
excavabon to mlllllIllZe c o n m t  mgrabon 

Dzsposul Disposal mvolves permanent deposibon of excavated sods either m an on 
site or pemtted off site Qsposal fachty It mcludes Qsposal without treatment, If 
possible or Qsposal subsequent to treatment measures 

In slm Treatment In general m situ treatment technologres seek to treat con-ts 
m place without extramon or removal of large volumes of sod Treatment would seek 
to remove destroy andor m m o b h  contarmnants through biologml chemical or 
physical means "Ius category mcludes bioremedmbon chemcal oxdabodreducbon 
sod washmg thermal recovery enhancement and vapor extramon techmques 

Eh fins Treutment "Ius GRA is s m h r  to m situ treatment except that contammated 
sods would be removed before treatment above ground Treated sods would be 
Qsposed of on site or m a hcensed Qsposal fachty 
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2 4 2 Groundwater General Remnse Acbons 

The GRAs identdkd for the OU 1 groundwater medrum are no amon msbtubonal controls 

contamment removal m situ treatment and ex situ treatment These GRAs target the RAOs 

for groundwater The RAOs are focused on prevenbon of mgrabon of contammints m 
groundwater and on prevenbon of mgesbon or dudahon of orgmc compounds m groundwater 

A bnef descnpbon of each GRA is provided below 

No Acfzon Requrred by CERCLA as a benchmark for companson agmst other 
rem& acaon alternatwes Thls mphes that no drrect amon wdl be taken to alter 
the exlstmg situabon other than short and long term momtomg of site con&bons 

Instlrutlonal Controls Refers to legal controls or management pohcies whch mlnlmlze 
the pubhc s exposure to potentd contarmnants Examples mclude controhg well 
placement and restnctmg land use 

Contarrunen? For groundwater contamment would consist of amons whch mlnlmlze 
the flux of vaporphase VOCs to the surface andor rrrrmrmze the mgrabon of 
groundwater contarmnants 

Removal For OU 1 removal mphes extramon of contammated groundwater for 
treatment m the exlstmg Buddmg 891 water treatment system or other fachbes 
Extrachon of contammated groundwater m areas of DNAPL may be possible through 
sod extramon 

In sltu Treutment In general 111 situ treatment technolog~es seek to treat contarmnants 
m place without extramon or removal of large volumes of groundwater or sod 
Treatment would seek to remove destroy andor m o b d m  contarmnants through 
bio1ogm.l chermcal or physical means 

Et sltu Treatment Thls GRA is smular to m situ treatment except that contarmnants 
would be extracted/removed before treatment above ground Treated groundwater 
would be discharged through exlstmg channels (1 e the exlstmg Buddmg 891 water 
treatment system) 
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2 4 3 Volume and Area Estunate S 

A volume calculabon was conducted for subsurface sods at MSS 119 1 to estmate a volume for 
the potentml residual DNAPL sources assumed to be present m IHSS 119 1 The amount of sod 

requmng remedmbon was estrmated by visually mspectmg the potentml source afeas descnbed 

m the Phase III RFWRI report and by assummg that subsurface sod remednbon actwibes would 

attempt to remdate saturated zone sods to a depth of five feet mto bedrock Figure 2 1 depicts 

the potentml sod excavabon area idenMied for IHSS 119 1 The exact amount of contammated 

subsurface sods cannot be calculated due to the h t e d  data avadable for thrs medlum 
Lumtabons on data is typical of sites contammated with residual DNAPLs The excavabon area 

however is estmated to contam approxunately 17 500 cub= yards of sod 

Based on the results of the OU 1 Phase EI RFI/RI nprt and the BRA m parhcular 
I contammated groundwater m OU 1 was found to contnbute a signrficantly hgher nsk to those 

receptors exposed to IHSS 119 1 groundwater than to receptors exposed to groundwater from 
other locabons m OU 1 IHSS 119 1 was designated a source locabon m the PHE for thrs 
reason Other areas of the operable umt contam groundwater contammint concentrabons above 

detechon h i t s  however the concentrahons am greatest at this MSS (see Figure 2 2) 

The quanbty of groundwater requmg r e m a  achon m the MSS 119 1 source area cannot be 
calculated precisely because of seasonal vanabons m the water table Instead a lower bound 

was estrmated usmg computer codes that cornpafed the bedrock topography beneath the MSS 

to the water level data from wells located m tius area The wells used to iden* and deheate 

ths area were 0487 0974 1074 4387 32591 and 37991 Thrs lower bound groundwater 

volume assumes groundwater beneath the MSS is confined to the i d e n ~ e d  bedrock 

paleochannel Thls assumpbon is vahd only dumg low water table con&bons An upper bound 

cannot be calculated dmctly smce dumg spmg runoff the water table elevahon nses above the 
bedrock paleochannel and no lateral extent of groundwater contammbon specfic to MSS 119 1 

can be measured d~stmctly from other groundwater at OU 1 
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The Phase III RFI/RI report contazns several saturated hckness maps for OU 1 dumg a typical 

dry penod These maps were used to estunate the volume of contammated groundwater m the 
source locabon when groundwater levels were at theu lowest Usmg an average porosity of 
0 10 (DOE 1994a) the volume of groundwater estunated to be present m the southwest corner 
of MSS 119 1 dumg the dry season is 80 0oO gallons Thn volume represents a smgle pore 
volume although more than one pore volume would hkely have to be removed to acheve 

RAOs Dumg wetter penods groundwater m h s  area may nse above the paleochannel and 

thus result m much larger volumes requlnng treatment 

In addbon the Phase III RFI/RI report estmated that the volume of avadable groundwater m 
OU 1 is between 5 0 and 5 8 acre feet (1 6 and 1 9 &on gallons) The volume of 

groundwater estmated to be beneath IHSS 119 1 and the volume of groundwater beneath OU 1 

are used to estmate remedmbon requmments however because groundwater elevabons 111 

OU 1 are hghly dependent on seasonal vanabons m pnxipitabon these values are enpeemg 

estmates only 

2 5 Identdkation and Screeup of Techno lones and Process Bbons 

a s  secbon summaflzes the technologes and process opbons that were idenflied for 

remednbon of OU 1 The -on also descnbes the opQons that were mamtamed for further 

evaluabon based on an mtd screerung of technolo@es The mtd screerung considered 

tecbcal mplementabhty apphcabhty and feasibhty for sitespecfic contammants and 

condbons Thw mtml screerung elmmated rem& technologres and process opQons that &d 

not wanant further considerabon at OU 1 A summary of the mtd screerung of technologies 

for both groundwater and subsurface sods are presented m the followmg secbons 

2 5 1 Identd-lcation and Screemp o f Twhnolomes and Process -bo ns for Subsurface Sods 

The remedd technologes and process opbons mtdy idenMied for subsurface sods at OU 1 

by GRA are hsted 111 the followmg bulleted hst 
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Insbtubonal Controls 

Access restncbons - Legal restnchons on land use 

Contamment 

Honzontal subsurface flow control 
- Subsurface dmns 
- Grout curtarns 

- Sheet p h g s  
- Cryogemc bamer 

- Slurry walls 

Veacal subsurface flow control 
- Grout mjecbon 
- Block Qsplacement 

Removal 

Excavabon 
- Loader/excavator/dozer 

Dust control 
Dust suppressants 
Temporary structures 

Disposal 

On Site drsposal 
Engmeered on site Qsposal fachty 
Pemtted off site Qsposal fachty 

In situ Treatment 

Biolopcal 
- Bioremdabon 

Chemical 
- Chermcal oadabodreduct-on 

Physical 
Sod flushlng 
Vitrrfication 

- Rad10 frequency/ohrmc heating 
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- Vapor extracbon 
- Hot m/steam stnppmg with mechamcal mmng 

Ex Situ Treatment 

Biological 
- Bioremedmbon 
- Land apphcahon 

Chemcal 
- Ultraviolet photolysis with c h e m d  oxdabon 

Solvent extramon 

Physical 
Sod washmg 
StabWbodSohMicabon 

Thermal 

Incmerabon 
Thermal desovbon 
Vitnfkabon 

@ The precedmg technologes and process opbons were systemabdy screened to reduce the 

number to a more representatwe group of remedd technologres and opbons The screemg was 

performed by exammg the techcal mplementabhty of each technology andor process opbon 

for subsurface soils at OU 1 Figure 2 3 depicts the subsurface sod remedml technology and 

process opbons screemg acbvibes 

Subsurface sod remedd technologes and process opbons that were miuntamed for further 

evaluabon are as follows 

Insbtutional Controls 

Access restnctions 
- Legal restnmons on land use 

C o n m e n t  

Honzontal subsurface flow control 
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- Subsurface drams 
- Grout curtams 

- Sheet pdmgs 
- Cryogemc barner 

- Slurry walls 

Vertmd subsurface flow control 
- Grout mjechon 
- Block Qsplacement 

Removal 

Excavahon 
- Loader/excavator/dozer 

Dust control 
Dust suppressants 

Disposal 

On Site Qsposal 
I Engmeered on site Qsposal fachty 

Permitted off site ~spisal fachty I 

In situ Treatment 

Biolog~cal 
- Bioremedmhon 

Physical 
Soll flushmg 

- Rad10 frequency/ohrmc heatmg 
- Vapor extrachon 
- Hot adsteam stnppmg with mechamcal rmxlng 

Ex Situ Treatment 

Biologcal 
- Bioremedmhon 

Chemical 
- 
- Solvent extrachon 

Ultraviolet photolysis with chemical omdahon 
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Physical 
Sod washmg 

Thermal 

Incmeratr on 
Thermal desorphon 

2 5 2 Identdkation and S c m m g  of Technoloples and h.oCess btro  ns for Ground water 

The followmg rem& technologes and process opbons were identdied for groundwater at OU 
1 

No Actron 

Morytonng 
- Groundwater momtormg 

Instrtutronal Controls 

Access restncbons 
- 
- 

hgal restnctrons on well placement 
Legal restnmons on land use 

Contamment 

Horizontal subsurface flow control 
- Subsurface drams 
- Grout curtams 

- Sheet p h g s  
- Cryogemc b m e r  

- Slurry walls 

Vert.mil subsurface flow control 
- Grout mjectron 
- Block displacement 

Removal 

Passive removal 
- Subsurface drams 
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Actweremoval 
- Homontal a d o r  vemcal extracbon wells or sumps 

In situ Treatment 

Biologcal 
- Bioremednhon 

Chemical 
- Poly rnemmon 
- Chemical omdabon 

Physical 
- Alrsparglng 

Vapor extracbon 

In situ adsorptton with wells (propnetary process) 
- Permeable treatment beds 

Ex situ Treatment 

Biologrcal 
- Bioremednhon 

Chemical 
- Solvent extrachon - Ultraviolet photolysis with chemical omdabon 

Physical 
- Gamma lfliidlilfion 

Actwated carbon or c a r b o ~ ~ e ~ u s  adsorbents 
I - Alr smpplng 

, Freeze crystallmhon 

- Membrane processes 
- EvapomQon 
- 

Thermal 
- Inclnerafion 
- Plasma arc hscharge 
- Catalyk omdabon 

These technologes and process ophons were systematmlly screened to reduce the number of 
ophons to a smaller and more representatwe number appropriate for the development of remednl 
altematwes The screerung was performed by exammg the techmcal mplementabhty of each 

I 
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technology andor process ophon for OU 1 groundwater The screemg process is depictd m 
Figure 2-4 Technolo@es andor process opbons that were mamtamed for further evaluabon are 

as follows 
' 0 

No Achon 

Momtomg 
- Groundwater momtomg 

Inshtubonal Controls 

Access restnchons 
- 
- 

Legal restnmons on well placement 
Legal restncbons on land use 

Contarnment 

Homontal subsurface flow control 
- Subsurface drams 

Removal 

Passive removal 
- Subsurface drams 

Actweremoval 
- Homontal and/or verUcal extracbon wells or sumps 

In Situ Treatment 

Biolog~cal 
- Bioremednbon 

Physical 
- Vapor extracbon 

Ex Situ Treatment 

Biologrcal 
- Bioremedmhon 

Chemical 
- Ultraviolet photolysis with chemical omdabon 
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Physical 
- Actwated carbon or carbonaceous adsorbents 
- All. stllppmg 

Thermal 
- Plasma arc dscharge 
- Catalcc oxtdatLon 

2 6  i . € r e s e  nta ve ProcessoObo n s 

Remedd technologres and process opbons detemed to be unplementable at OU 1 were 
subjected to a more detaded evaluabon to d e t e n e  whch process opbons should be used to 

develop altemabves l k s  more detaded evaluabon was performed by compamg the abhty of 

each process opuon to sabsfy three cntem, effectweness, unplementabhty and cost 

Site specfic wndbons were considered m the evaluahon of rem& technologes and process 

ophons The followmg site charactenst~cs were promment factors m the evaluabon 

In general levels of contammabon 111 groundwater are relatwely low 

Contarmnant dstnbubon is largely sporadic or ubiquitous 

Aqueous concentrahons at MSS 119 1 mhcate the potend for DNAPLs 

Underlymg lowpermeabhty unweathered bedrock surface serves to channel 
groundwater flow 

Overall low permeabhty and hgh degree of heterogeneity of saturated unconsobdated 
sufiicml matenals wntnbutes to preferentnl flow potentnl 

The evaluahon of process ophons for subsurface sods is presented m Figure 2 5 whde the 

evaluabon of process opbons for groundwater is presented m Figure 2 6 

Rather than evaluatmg each potentnl process opbon representatwe process opbons were 

designated to represent a class of rem& technolomes that could be apphed at OU 1 l k s  
lmproves the efficiency of the evaluabon and allows for flembhty m the final selmon of 

OU 1 CMS/FS Report 
881 Hdlside Area 
February 1995 2 28 



process opbons withm the chosen class of remedal technologes Preference was gwen to 

technologes and process opbons whch address both groundwater and subsurface sod 

contammabon at OU 1 

Considering these factors the followmg representabve process opbons were selected for 

altemabve development 

Groundwater momtomg 
Legal restncbons on well placement 
Legal restnmons on land use 
Subsurface drams 
Homntal and/or verbal extmmon wells or sumps 
Loader/excavator/dozer 
Hot adsteam stnpjmg with mechanml mmng 
Vapor extracbon 
rad10 frequency (RF)/ohrmc heatmg 

The evaluabon of process opbons to treat extracted groundwater favored the selecbon of the 

exlstmg Buddmg 891 water treatment system Smce the system has been proven to effectrvely 
treat the contarmnants present m OU 1 groundwater (except CCl, p h e d  modd?cabons to the 

system wdl effecbvely address ths deficiency) and smce the capital costs have already been 

m c u d  for designmg and constructmg thls system thls process opbon IS the most favorable for 

aboveground treatment of groundwater Thus other process opbons for ex situ treatment of 

groundwater mcludmg plasma arc discharge catalytsc oxdabon and SUT stnppmg were not 

consdenxl m the development of remedud acbon alternabves Plasma arc hscharge and 

catalyt~c oxdabon have pmhbibve operatmg costs for low contammint mncentrabons such as 

those at OU 1 Arr stnppmg does not destroy or m o b d u e  contammnts and would require 

treatment of large quanbbes of off gases 

The m t e d  abhty to umformly and appreclably mmove contammted groundwater from the low 

permeablllty heterogeneous unconsohdated matemls combmed with the complex nature of the 
bedrock system beneath OU 1 favored treatment that would remove residual sources (e g 
DNAPL zones) to the greatest extent possible Removal of these sources should be conducted 
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UI a manner that rmfll~~llzes the potentnl for mobdmng contarmnanfs to move further mto the 

bedrock system as well as mtroducmg new potentnl contammts to the subsurface 

Consequently process opbons such as surfactant flushmg are not appmpmte Thls is the case 
because the subsurface geology may senously h i t  umform Qstnbubon of surfactants 111 the 
subsurface meanrng treatment effecbveness throughout the en- contammated zone may not 

be siflicantly mcreased Further the decreased surface tension mduced by surfactants can 

enhance the mobhty of contammts through otherwise relabvely mpermeable mateds OU 1 

bedrock has been charactenzed as fractured meamng a decreased surface tension between 

DNAPLs and groundwater could cause siflicantly greater contammt mgrabon mto bedrock 

F W y  surfactants wdl adversely affect operabon of the Buddmg 891 water treatment fachty 

meanrng an adhbonal surfactant recycle umt operabon would be necessary pnor to water 

treatment The mcreased capital costs of a recycle system along with the hlgh operatmg costs 

for separabon processes such as surfactant recycle negate the m@ effectweness mcrease 
m treatment assocnted with surfactant fl&g 

Other process opbons that nxlum mjecbon of adQbonal fluids mto the subsurface (eg 
bioremednbon and sod flushmg) are also not favorable at OU 1 The complex nature of OU 1 

subsurface geology and the lmuted avadabhty of groundwater make systems whch rely on 

homogenous Qstnbubon of flushmg agents or nutnents Micult to mplement Preferentnl 

groundwater flow pathways and bghtly consohdated sod matnces make mjmon Micult to 

control Moreover smce DNAPL zones are Uely to exlst 111 isolated areas m j a o n  

technolofles are unbkely to be effecbve m remedntmg these areas 

In addibon to the problems related to preferentnl flow through the heterogeneous low 
permeabhty materrals bioremednbon was not mcluded m the development of remedud acQon 

alternabves for the followmg adQbonal reasons 

The effecbveness of bioremednbon at OU 1 is lmuted by the nature of the 
contammts identdled Although laboratoq studres have shown up to 90 percent 
reducbon of TCA and TCE concentmbons under ideal conQbons researchers are 
skepbcal as to the full scale apphcabhty of bioremedubon under field conQbons 
statmg that mplementabon of biodegradabon of chlomted hydrocarbons m field 
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situabons may be huted by the tomcity of hgh concentrabons of these compounds to 
mcroorgmsms and by the slow rate of degradabon possible (Baker et al 1994) 

PCE a major OU 1 contarmnant is a hghly refractory compound (resistant to decay) 
for whch there is no estabhshed field method for degradabon at rates whch make 
treatment pracbcal 

Bioremednbon is not effectwe m treatmg morgmcs such as selemum An 
aboveground treatment system could be used to remove selemum from extracted 
groundwater however thls would most Uely h u t  the effecbveness of mnjecbon 
systems that recycle nutnents or non mQgenous bactem 

Site conQbons at OU 1 partxularly fluid cmulabon h i t  the techmcal 
mplementabhty of bioEmednbon at OU 1 The Phase III RFI/RI demonstrates the 
lack of a consistent defmed water source beneath MSS 119 1 Well and borehole data 
m the area have mQcated varymg water table levels and depths of saturated zones 
Implementabon of bioremednbon at OU 1 would requm mjmon of large volumes 
of water to provide nutnents andor non mQgenous bactem to treatment zones Thls 
might mobdm and spread contammabon and accelerate slumpmg at OU 1 
Bpenence with mstallabon of the french dram system has mQcated that slumpmg is 
a senous concern for unsaturated con&bons and would be more senous for the hghly 
saturated conQhons that would be requued to mplement bioremednbon 

For the medlum of subsurface sods thermal desorpbon was chosen as the representatwe process 

opbon for ex situ treatment of contammated subsurface sods Thermal desorpbon offers the 

most cost effectwe method of contammint removal for the sporaQc contammint Qstnbubon 

found at OU 1 Chemical and physical treatments such as ultraviolet photolysis chemcal 

omdabon solvent extracbon and sod washmg requm the addbon of hquids to effect a mass 

transfer from sohd to hquid medn The resultmg hquid could not be treated 111 the Buddmg 891 

water treatment faclllty without pre treatment due to the presence of strong o m h r s  solvents 

andor Qssoluhon agents Thus a separate hquid treatment process to treat the secondary hquid 

waste would be r e q u d  The capital costs assocmted with such a treatment process as well 

as the expense of solvents washmg agents and omdabon reagents exceed the energy costs 

assocnted with thermal processes Thermal desorpbon was selected over mcmerabon due to the 

low levels of contammabon at OU 1 and the relatwely low heatmg value of chlomted orgmcs 

The hgher temperatures r e q u d  for mcmerabon would requm excessive secondary fuel 

sources Smce thermal desorpbon operates at si@icantly lower temperatures energy costs 
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would be substantdy lowered relatwe to mcmerahon 

Due to the hitations of sod fluslung and bioremednuon Qscussed previously standard and 

thermally enhanced vapor extrachon process optrons were selected as m situ subsurface sod 

treatments for alternatwe development and wlll be used m conjunctron with h t e d  groundwater 

pumpmg to remove contammated groundwater and potentml residual DNAPLs from OU 1 

subsurface sods 

Other optrons retamed for alternatwe development mclude excavabon whch was retamed to 

provide conceptual vanety to the alternatwes presented for remedntron at OU 1 Excavatron 

could be used to remove subsurface sods or to locate pools of contammated groundwater 

ensumg that any residual DNAPL zones are removed In adQtron, process optrons were 

retamed that would result m the assembly of h t e d  or mtnlmal actron alternatwes mcludmg 

groundwater momtomg use of the extstmg French Dram system, and mstrtutronal controls 

These opbons are also Qscussed m S m o n  3 0 

2 7  Fcustmg - IMm Treatment Svstem 

The exlstmg Buddmg 891 water treatment system (vv/&O, and ion exchange) wdl be essentd 

for proposed rem& acbon alternatrves for OU 1 and other operable umts that require 

aboveground groundwater treatment The system consbtutes a comprehensive process treatment 

tmn for treatmg water contammated with orgmc and morgamc (mcludmg raQonuchde) 

contammants (see Figure 2 7 )  The system consists of a collectxon and pumpmg system to 

supply the treatment fachty an mfluent storage and transfer system sepamte treatment systems 

for orgmc and morgmcs contamlnants and an effluent storage and Qscharge system The 

system is designed for a 30 gpm flow rate capacity and has equahzahon tanks to normake 

treatment rates 

The french dram collecbon and pumpmg system mcludes the recovery well pump located m 

MSS 119 1 and two french dram sump pumps These pumps are normally controlled by level 
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switches m the well or sump that deternune whether the pumps operate The collecbon system 

connects to the mfluent transfer system whch mcludes two mfluent equahbon tanks and two 

mfluent transfer pumps The mfluent transfer pumps supply water from the mfluent equabbon 

tanks to a W/H,O, treatment umt at a constant rate The W/H,O, umt is designed to destroy I 

orgamc contammints m the mfluent stream 

a 

Treatment efficiency depends on flow rate (residence tune) H202 concentrabon and W 

wavelength mtensity The system has a design throughput of 30 gpm or 14 400 gallons per day 

(gpd) with an 8 hour operatmg slzlft It uses 50 mg/l of H202 with slxteen 15 k W  W lamps 

providmg an equivalent power of 240 kW for brealang down orgmcs 

When the water leaves the W&02 system it enters the ion exchange system whch consists 
of the ion exchange surge tank four columns contamng beds of ion exchange resms and a 

degassmg tower The ion exchange system processes the water m the followmg sequence 

1 The water enters the ion exchange surge tank and is pumped at a constant rate mto the 
fmt ion exchange column Thls column contams 28 cubic feet of Ionac A 4 0  a 
strong base amon resm for removmg u m u m  

2 The water then flows directly to the second column whch contams 32 cubic feet of 
IOMC CC a weak acid cabon rem for removmg heavy metals 

3 The water then enters the degassmg tower to allow carbon dloxrde and other gases 
produced dumg the W/H202 process to escape Excessive gas content m the ion 
exchange columns could cause short cmuitmg of the resms thereby reducmg the 
efficiency of the system 

4 The water is then pumped to the thud ion exchange column whch contams 56 cubic 
feet of Ionac C 240H a strong acid resm for removmg hardness and metals 

5 The water then enters the fourth and final column whch contams 56 cubic feet of 
Ionac AFP 329 a weak base amon resm for removmg mons 

6 The water whch is now treated is stored m one of three effluent storage tanks and 
hscharged by gravity feed 
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3 0 DEVEIDPMENT OF REMEDIAL ACTION A L m A " I V E S  e 
Thls sechon presents the altematwes that were assembled for remedmtmg the groundwater 
m d u m  at OU 1 These alternatmes were assembled usmg the technologes identdied m Secuon 

2 0 whch summatrzes the evaluahon and selectton of technologes and process opbons 

Utilumg the exlstmg Buddmg 891 water treatment system is an mtegml component of all the 

alternatwes presented m tlws secbon with the excepQon of the No Acuon alternahve The 

Buddmg 891 treatment system is currently used for tmtmg water from OU 1 and may also be 
used for tmtmg contammated water from other areas of the RFETS Planned mOdlficatrOns to 

the system wdl allow it to treat hgher concentrabons of contammants pnor to mtnbon of any 

rem& actwihes at OU 1 The detads of the planned mochficauons are d~scussed m Secaon 
2 0  

3 1 Introduchon 

Rem& amon altemat~ves were developed by combmg process opbons selected as 
0 

representatwe based on results of the evaluabon of process ophons and technologes Process 
ophons were combmed to develop altemtwes rangmg from treatment altexnat~ves that elmmate 

or mlllltIllZe the need for long term management to lmuted or no amon alternat~ves Thls range 

of alternatwes mcludes contamment Optrons that mvolve httle or no treatment but acheve RAOs 

by preventmg exposures or by reducmg the mobhty of contammints The No Acbon alternatwe 

was developed to provide a basehe alternatwe agamst whch other alternatwes could be 
compared In all cases the altematwes were developed with the goal of achevmg the RAOs 

of preventmg mhalabon mgesbon and dermal contact with VOCs preventmg mgrahon of 

contarmnants from subsurface sods to groundwater and protectmg Woman Creek surface water 

from contammahon as presented m Smon 2 0 by combmmg appropllate GRAs to form site 
specfic remedmtion strateges 

The alternatwes that were developed for remedmbon of OU 1 are the followmg a 
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a Alternabve 0 

a Alternahve 1 

0 Alternahve 2 

e Alterrutwe 3 
Enhancement 

a Alternatwe 4 

e Alternatwe 5 

No Actton 

Inshtuhonal Controls with the French D m  

Groundwater Pumpmg and Sod Vapor Extmchon 

Groundwater Pumpmg and Soil Vapor Extractton with Thermal 

Hot Au Inje&on with M e c b c a l  Mwng 

Soil Excavauon with Groundwater Pumpmg 

Figure 3 1 depicts a summary of the development of rem& actton alternatwes The figure 
presents the GRAs and process options that were combmed to farm the vmous altematwes 

After developrng altematrves for remednbon of OU 1 the alternatwes were evaluated m d e w ,  

and the results of thls analysis are presented m the Detaded Analysis of Altematwes m Sectron 

4 0  

3 2  RemeddActto n Altemat~ ves 

Groundwater rem& w o n  alternatwes were developed that could potentdly acheve the 

RAOs descnbed m Smon 2 0 The pnmary nsk pathways that detemmed whch GRAs would 

be used to develop alternatwes were based on the OU 1 BRA, whch mhcated that mgestron of 

groundwater and mhalahon of vapors nsmg up through unsaturated sods were of most concern 
The followmg alternatwes were designed to acheve RAOs by remomg and destmymg the 

contammts m groundwater removmg subsurface sources of residual contammabon restnctmg 

access to wells positroned withm the boundanes of OU 1 and/or h t m g  access to the entue 
site These alternatwes assume that surface sod hotspots would be removed pnor to 

commencmg rem& actwihes and would be put mto temporary storage for treatment with 

smllar wastes from OU 2 or shpped off site for u n m a t e  treatment andor disposal 
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3 2 1 AltematweO. No Acbon 

The No Acbon altematwe was developed to meet the requmments of the NCP whch specdies 
that a No Acbon altematwe should be developed regardless of site specfic conhhons @PA 

1990a) The No Amon altematwe provides a baselme agamt whch other altematwes can be 
compared dumg the detaded analysis of altematwes The No Amon altername uses the results 

of the BRA to defme exposure levels to receptors at the site under exlstmg conhQons and does 

not mclude any rem& amabes 

The exlstmg French Dram coll-on system would be &scontmued under tlus altername 

Collmon of groundwater from the exlstmg collmon well and French Dram would be 
discontmued Groundwater would be allowed to flow down the hdlside and around the French 
Dram toward Woman Creek 

The only amvity asSOcliited with the No Amon altemabve is groundwater momtomg to detect 

changes m contarmoant concentatborn or rmgrabon patterns Momtomg would begm 

medmtely and would contmue untd it is de temed that momtomg is no longer r e q u d  

Exlstmg wells no longer deemed necessary would be abandoned as appropmte 

There is no rem& tune frame for thls a l temve smce the altematwe rehes solely on natural 

degradabon and attenuafion processes to meet RAOs For the purposes of detaded analysis a 
30 year momtomg tune frame is assumed m accordance with EPA guidance 

3 2 2  f i  1 with h F 

Altematwe 1 seeks to acheve =Os by restrictmg access to wells mpacted by OU 1 

contarmnants through msbtuQonal controls whlle contmumg to treat groundwater collected by 
the exlstmg French D m  at the Burldmg 891 water treatment system Ins~tubod controls 

would also be employed to prevent U M U ~ ~ O ~  construmon and groundwater usage m all areas 

of OU 1 Degradahon of groundwater would be mlnlmlzed by contmued contamment and 
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treatment of groundwater Subsudace residual sources would eventually be depleted by 

Qssoluhon to groundwater The capture of groundwater with the French Dram and use of 

msbtutional controls to reduce exposure are both estabhshed rem& opbons Thls alternabve 

targets groundwater m the areas of MSS 119 1 south of Buddmg 881 and a pornon of MSS 
119 2 for remednbon InstItubonal controls would be employed throughout OU 1 

0 

The exlstmg French D m  and Buddmg 891 treatment system would contmue to operate una  
it is deemed no longer necessary The mMicatIons dwussed m Semon 2 0 are assumed to 

have been completed for the purposes of detarled analysis Groundwater momtormg would b e p  

mmedntely and contmue for as long as requrred to venfy that contarmnant concentrabons m 
groundwater have been permanently reduced below appropmte h u t s  Wells no longer deemed 

necessary for momtonng would be abandoned as appropriate 

The Buddmg 891 treatment system has a design flow rate of 30 gpm but the system cumntly 

operates mtemttently as volumes of collected groundwater &date Cumnt average flow from 

OU 1 sources is estmated at 10% of the design capacity or 3 gpm (DOE 19944) The rate of 

treatment is dependent on the amount of groundwater available at the French D m  

Wastes generated as a result of thls altemabve wlll be managed m compbce with apphcable 

regulabons The wastes mclude spent GAC from the off gas treatment system and Buddmg 891 

water treatment system regenerant solubon from ion exchange resm regenerabon from the 

Buddmg 891 water treatment system and wastes assocutfed with momtonng well mstallahon 

such as dd l  cuttmgs and decontammabon water The decontammbon water could be sent to 

Buddmg 891 The regenerant soluhon from the spent ion-exchange resms wdl be pH neutrahzed 

and sent to Buddmg 374 for evaporation m accoTdance with cumnt oprahonal pracbces The 

spent GAC wlll be sent off site for regenerabon Alternabve 1 however does not present any 

admmstrabve or legal MicultIes smce it represents a contrnuance of cumnt operabons at OU 

1 

There is no remednbon tune frame defmed for Altemabve 1 smce the French Dmn system is 0 
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currently operabonal and would contmue to oprate untd acceptable contarmnant concentrabons 

are acheved Based on current operabons of the exlstmg French Dram system it is reasonable 

to assume that due to the slow groundwater collecbon rate operabon of the French D m  system 
would be requrred for an extensive pnod of tune Expenence with sLrmlar rem& acbons at 

DNAPL contammated sites suggests extremely long tune frames for complete residual deplebon 

For the purposes of W e d  analysis cost estunates a 30-year tune frame for remedd amvibes 

IS assumed based on EPA guidance 

3 2 3 Altematwe 2. Grou ndwaterhmp mp - and S od Va-mr Extmmo n 

l b s  altematwe seeks to acheve RAOs by dewatemg the MSS 119 1 source area usmg 
convenbonal pumpmg techmques and the mplementabon of a 1- SVE system Rsk from 
contammated groundwater wdl be elmmated by e x w o n  and treatment wide further 

degradabon of groundwater wdl be mumuzed by removal of residual DNAPL sources through 

S V E  The combmed technologm proposed under thls altemabve are considered emergrng 
technologes whch may be more effectwe combmed than when apphed m&wduaUy In 
general thls alternatwe targets only the idenMied source area withm IHSS 119 1 although 

addhonal vapor extramon wells could be mstalled m other areas to treat suspected DNAPL 

sources based on the results of a detaded sod gas survey to be conducted pnor to remednbon 

SVE would assist the vapornabon and subsequent recovery of contamlnants present m the 

saturated sods unsaturated sods and groundwater at OU 1 The technology targets 

contamlnants that have parhboned to the aqueous phase m the subsurface adsorbed onto 

subsurface sods extst as pools of DNAPL or occupy sod pore spaces as vapor Groundwater 

residmg m shallow pools throughout IHSS 119 1 would be extracted vra the exlstmg French 

D m  and one to three addbonal recovery wells Collected groundwater would be treated by 

the extstmg Buddmg 891 water treatment system or another approprrate fachty with the 

mMicabons &scussed m S m o n  2 These same areas once &saturated would be subjected 

to SVE to enhance the removal of any residual contamlnants 



In general sod vapor exhimon is an m situ physical treatment technology that has been used 

pnmanly to remedmte sod and groundwater contammated with VOCs A typical SVE system 

consists of either a smgle or If necessary a network of vapor extramon wells screened at 
depths consistent with the contammated sods If mulhple vapor extrachon wells are used they 

are usually jomed together by a common header pipe Makeup or clean an replacmg the 

contammated sod gas removed through SVE enters the sod either passively vra the ground 

surface andor d e t  wells or amvely vra an mjectmn wells Channehg or short cmuitmg, 

of the makeup m may he mlmmlzed and the am redrrected through the des& treatment zones, 

by the placement of a geotextde h e r  on the ground surface sumundmg the SVE wells 

a 

The basic pmciple behmd SVE mvolves mducmg vapor flow through the unsaturated zone 

towards an extrachon well by applymg a vacuum to that well Contammants volathzed from 

the soil matnx and those that are already m the vapor phase are swept by the m e r  gas flow 

(m) to the extrachon well(@ The m e r  gas also tends to mcmse the volathahon of any 

aqueous phase or free phase DNAPL contamwts m the vicuuty There are three mam factors 

that control the performance of an SVE operabon (a) the vapor flow rate through the 
unsaturated zone (b) the flow path of m e r  vapors relatwe to the locatton of the contammnts 
and (c) the chemical composihon of the contammints (Johnson et al 1989) 

0 

To successfully design and operate an SVE system site geology and contauunant p v r t m  must 

be considered Site geology can have a signrficant mfluence on a vapor extramon well s d u s  

of rnfluence Geologml factors mclude depth to groundwater, subsurface Sorymck type and 

subsurface pemeabihty whch must be great enough to allow m e r  vapors to stnp VOCs from 
the subsurface matnx and carry them to an extramon well Sod vapor extrachon performance 

is also dependent on the charactenstm of the contammants targeted for extrachon A compound 

is a ldcely candidate for SVE If it has a vapor pressure of 1 0 mm or more of mercury at 20°C 

and a dunensionless Henry s Law constant greater than 0 01 (Dank0 1989) Table 3 1 presents 

these values for the pnmary VOCs under considerahon at OU 1 as well as other general physical 

and chemical data These five VOCs were chosen for evaluahon of SVE due to thew hgh 

concentrahons relahve to other VOCs detected and thew wide range of Henry s Law constants I *  
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Table 3 1 
Physical and Chmcal Properhes of the Primary VOCs m Groundwater 

Chemrpl Formula 
Molecular 
Weqht. 

153 82 

96 94 

165 83 

133 39 
~~ 

131 38 

Bolllng Aqueous Vapor Henry s Law 
h m t  Solubhty Presure constant 
( c ) ~  (mg/t) (mm HS) @ ~ e o s r o n ~ e s ) ~  

1 59 76 5 757 90 1002 

1 22 370 2250 182 1414 

1 62 121 150 17 8 1 076 

1 34 75 1 1500 100 0 599 

145 I 87 I 1100 I 579 I 0378 

a from Basics of Aunpand Wat Gmund Water Remediation Techmiom EPN60018 90/003 Office of Research 
and Development March 1990 
fromSelec~gProcessE&pmenf vd 1 Woods McMasterUmversity Canada 1990 

e at20 c 
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The use of these five compounds for analysis of the SVE altemabves should yield a good 

approxmahon of the actual perfomance of SVE for the site The data shown m Table 3 1 

mhcate that all of the VOCs under considerahon are amenable to recovery by SVE A 

conceptual view of the proposed configurabon of an SVE system is presented m Figure 3 2 

' 0 

For thls altemahve it is assumed that approxmately 36 vapor extramon wells would be mstalled 

m IHSS 119 1 and m other areas If deemed appropmte A detaded sod gas survey would be 
conducted pnor to mstahg these wells m order to detemme exact well locahons and any 

awbonal areas warrantmg remednbon Wells would be mstalled to a depth of approxmately 

20 feet and would be 4 to 6 mches ~ 1 1  dmneter These wells would be operated cychdy  to 

enhance recovery and would be used m combmbon with a granular amvated carbon (GAC) urut 

to treat extracted vapors Cychcal opembon would allow contammt concentrabons m sod gas 

to return to near equhbnum levels dumg nonoperabon thus mcreasmg the mass of 

contarmnatron removed per volume of an extracted mgher concentrahons m the extracted an 

stream would decrease operatmg costs whde the cycled opentbon of vanous wells would allow 
the use of less expensive equipment due to de& capacity needs 0 
The exlstmg French Dram and Budchug 891 treatment system would contmue operabon dumg 

r e m a  achvibes to collect any contammated groundwater emstmg downgrachent of the 

treatment area and not removed through dewatemg amvibes After source removal and 

groundwater plume remednoon the French Dmn could be decommissioned Without regular 
pumpmg of the sump pumps located m the French Dram water would begm to flow around the 

French Dram and contmue toward Woman Creek Groundwater momtomg would be employed 

for the entue duratlon of thls altematwe to ensure water flowmg around the dram meets PRGs 

Wastes generated as a result of thls altemahve wdl be managed m comphce with apphcable 

regulabons The wastes d u d e  spent GAC from the off gas treatment system and Buddmg 891 

water treatment system regenerant soluhon from ion exchange resm regenerahon from the 

Buddmg 891 water treatment system and wastes assocmted with well mstallabon such as dnll 

cuttmgs and decontammabon water The decontammabon water could be sent to Buddmg 891 1. 
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The regenerant SoluOon from the spent ion exchange resms wdl be pH neutralmd and sent to 

Buddmg 374 for evaporabon m accordance with cumnt operat~onal pract~ces The spent GAC 
wdl be sent off site for regenerabon 

0 

The total remedmhon tune frame assoc~ted with th~s altematwe is approxlmately seventeen 

years Estunated tune frames assocliited with vmous component rem& amvihes are three 

months for the detded sod gas survey three months for mobhzaboddemobhzaQon and four 

years for treatment Once the SVE system was decomssioned the French Dram would 
contmue operatmg for 10 years to remedmte the groundwater plume cumntly flowmg down the 

Mside Momtormg would wntmue for an addIhonal three years after decommmionmg the 

French Dram to ensure that wntammnt levels remm below PRGs The GAC a n  treatment 
umt for SVE umt would most Wely requm a Nabonal Ermssion Standards for Hazardous Au 
Pollutants (NESHAPs) p e m t  to operate however thls would not present any unusual 

admmstrative constmnts 

3 2 4  Atematme 3. Gmu ndwater PU m D w  - -  and So d VaDor Extractton Wit h Thermal 
ancement 

Thls altemabve seeks to acheve RAOs through combmg SVE as descnbed m Aternatwe 2 
with thermal recovery enhancement techtuques Groundwater extmmon is employed to treat 

contammated groundwater wbde SVE with thermal enhancement IS used to remove residual 

contammabon sources The altematwe considers two mnovabve treatment technolomes that can 

effect an mcrease m subsurface sod temperatures - rad10 frequency heatmg and electrical 
resistance (ohrmc) heatmg Both technologes are &scussed below although for the purposes 

of detded analysis rad10 frequency heatmg is analyzed further whereas ohrmc heatmg is 

merely assumed to be p o t e n u y  apphcable at OU 1 and is not mcluded m the detaded analysis 

of alternatwes A plan view of the altematwe, mcludmg the treatment area with appromate 

well locabons is mcluded as Figure 3 3 
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Radlo Freuuencv Heatmg a 
RF heatmg was selected as one of the two representatwe process opaons to effect an elevaoon 
111 temperature of the subsurface matenals at OU 1 that are contammated with those contammants 

that are VOCs RF heatmg is an mnovatwe m situ technology for volathmg orgmc 
consbtuents m sod and water as well as vapommg pore space moisture The technology is 

desuable smce a&hona.l chenucals are not mtmduced mto the subsurface and no specml 

ammgement (e g gnds) are necessary as m convenbonal ohrmc heatmg 

The m situ RF heatmg process requms mmmal mtrusion, usmg 3 to 6 mch dmneter boreholes 

contatnrng strategcally placed antennae m the d e s d  treatment area Through a combmed 

m e c b s m  of ohrmc and dlelectnc heatmg, the temperatwe m the medm is msed and the 

voIat.de and semvohtde orgatllc constttuents are volat&zed (Kasevich 1992) Volat&zed 
orgamcs are then collected with the vapor exhamon system and subjected to further treatment 

RF heatmg is expected to supplement vapor extramon m a manner that allows for quicker 

recovery of VOCs from certatn areas of the subsurface Specfically heatmg VOC source areas 

can exped& VOC recovery m the vapor form (1 e hotspots are Uely to contam aqueous 

DNAPL and adsorbed phase VOCs whch would be dnven to vapor under elevated tempemture 

condlbons) Figure 3 4 dustrates a smple apphca&on of RF heatmg combmed with vapor 

extracbon for ths altematwe 

The dlelectnc loss of a matenal (i e the amount of energy a mated dmipates as heat when 

placed m a varymg electnc field) mntnbutes to the heatmg of the contammated medu An 
mdlcator of a m a t e d  s abhty to successfully absorb electromagnehc energy is its dlelectnc 

constant Most sods have suitable dlelectnc constants that allow for effectwe treatment Water 

and/or sod moisture is vaporized by RF energy however steam is transparent to RF energy and 

does not contmue to absorb radmbon energy W e  the steam may become superheated h s  

occurs only by energy condumon from the sohd medm and not from dmct electromagnehc 

energy absorphon The steam m turn serves to heat sumundmg matenals enhancmg addlhonal 

vaponzahon Thus, water andor sod moisture does not present a hdrance to the treatment 

OU 1 CMS/FS Report 
881 Hdlside Area 
February 1995 3 13 



Controller Diagnostics 

L 

AC Power I I 

Generator 

I RF 
Generator 

Transrmssion hne 
IrC 

Vapor Extraction Well 
Vapor Extrachon Well 

Fme-Gramed Sods 
Targeted for Heating 

RF Heatlng Antenna 

Electromagnetic Energy A 

Note Figure represents mformation provlded 111 part by KAI Technologies Inc 

U S  DEPARTMENT OF ENERGY 
Rocky Flats Enwonmental Technology Site 

Golden Colorado 

881 HILLSIDE AREA 
OPERABLE UNIT NO 1 

Conceptual View of 
Ra&o Frequency 
Heatlng System 

Rgure 3-4 



process Fractures and voids withm the contammated matnx also do not present treatment 

problems smce thermal condumon 1s not the pmary heat transfer mechamsm Densely packed 

sods are well suited to thts treatment as are other consohdated geologc mateds A variety of 

heatmg profiles can be generated by mampulatmg the subsurface placement of RF antennae then 

operatmg frequencies and the phase output of the Merent antennae Vntually umform heatmg 

w i t h  a specsied volume can be acheved with rm~lmal  heatmg of surroundmg matenal usmg 

a properly designed configurabon Thus localzzed treatment can be attamed with proper design 

0 

RF heatmg has been shown to be capable of mcmslng sod temperature to approxmately 500°F 
a s  temperature would be great enough to v o l a b  both sorbed and potentdly dmolved phase 

contamulilllts (e g aqueous phase) m the subsurface mateds as well as dnve off any moisture 

m nearby pore spaces The temperature of the subsurface medlum would be msed gradually 

therefore vapor extracbon wells would be able to extract vapor as it is generated The heatmg 

and resultmg steam/vapor generabon rate could be controlled so that the capacity of the vapor 

recovery system would not be exceeded Such control would prevent the spmd of 

contammabon by steam plume expansion Also, RF heatmg would only be mplemented m the 

vicmty of a vapor extramon well Placement of an RF heatmg antennae m thts manner would 

provide assurance that RF heatmg would not lead to a spread of contammabon A vapor 

recovery system supplemented with RF heatmg would ltkely requm addbonal SUT drymg 

capacity smce it is expected that the RF heatmg system would lead to the extramon of a greater 

amount of sod moisture than convenbonal vapor extramon 

0 

The pmary piece of equipment of thu altemabve is the apphcator antenna whch is placed m 
a borehole Thls antenna is generally a flexlble component of varymg length that rachates 

electromagnebc energy m the form of ra&o frequency waves The energy ongmates from a 

generator at the surface and is transmitted to the antenna vxi a metal c o d  cable Standard 

dnllmg equipment can be used to complete a borehole The borehole is generally cased with 

fiberglass or a smllar m a t e d  that is transparent to electromagnetx mhbon The antenna can 

be placed m vertml or homntal boreholes Also several antennae may be used concumntly 

m various areas with elevated contarmnant concentrabons 1. 
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Locahons of RF antennae and vapor extmmon wells for cleanup of the volatde subsurface 

contammants at OU 1 are contmgent on d W e d  design through whch the optmum system 

design would be defmed however it is assumed under thts alternatrve that RF heatmg antennae 
would be mstalled m vapor extrachon wells near the vapor extrachon wells bemg operated The 
number of vapor extramon wells required would range from 20 to 40 depesdmg on saturaoon 

levels The sqacmg between boreholes can range dependmg on the RF heatmg frequency depth 

mterval of heatd volume and properhes of the matemils heated An array of multrple 

boreholes can provide umform heatmg of a gtven subsurface volume Control devices momtor 

performance of the RF generator and adjust the outputs to optmuze system performance Sod 

gas momtomg wells must be m place m the vicmty of the RF heatmg antennae These wells 

are necessary to momtor for potentd m c m  mgrauon of c o n m t  outside of the d u s  

of mfluence of the vapor extraaon well(s) 

* 

Ohmic Heatmg 

O h c  heatmg was also selected as one of the two representatwe process opbons to effect an 

elevaQon m temperature of the subsurface matenals at OU 1 that are contammated with volatde 

contaminants l h s  technology IS considered an emergmg technology whch 1s currently bemg 

exammed under the OU 2 treatabhty study program W e  RF heabng o h c  resistance heatmg 

is an movatrve m situ technology for enhancmg the performance of sod vapor extrachon by 

volathmg orgamc consbtuents m sods and groundwater and by vaponzmg pore space 

moisture Unhke RF heatmg however ohrmc resistance heatmg results from the transrmssion 

of an electnd cumnt through the medn targeted for cleanup As such a prerequisite for 

ohmic heatmg is that the medm must be able to conduct an electrrcal current Ohmic heatmg 

requms the placement of a grid of electrodes and sometunes the adhhon of water m the area 

targeted for remednbon The process requms only rrrrmmal mtrusion and has most often been 
unplemented usmg SIX electrodes mstalled m a hexagonal pattern to the depth of the 

contammints with a vapor extramon well placed m the center of the pattern as shown m Figure 

3 5 (Ames et al) 
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Slx or three phase power can be used to supply current to the mstalled electrodes There is 
some benefit with sLx phase power m that a more udorm heatrng pattern can be realtzed m the 

area bemg treated (Buettner et al) However the mcmsed umfomty comes at the expense 

of need.mg addmonal equipment to spht normal three phase power rnto SIX phase Electrodes 

are u s d y  constructed of stamless steel tubmg whch can also serve as passive aw d e t s  

The pmciple of ohmic heatmg is smple Basically electncal currents are made to flow 

between electrodes placed m a contammated regon causmg resistance heatmg (much the same 
way that passmg an electrical current through an oven heatmg element generates resistance 

heatmg) Current flow through subsurface materrals tends to be gmtest m frne grarned sods 

such as sdts and clays These types of sods are generally less permeable than sands and gravel 

thus heatmg the clays and sdts can dnve off contammints contamed therem that are not w d y  

accessible with convenbonal sod vapor extracuon Once the volat.de contammants are dnven 

out of the less permeable clays and sdts mto the more permeable sands and gravel they are 
more suscepbble to recovery by vapor extramon As with RF heatmg sod moisture can be 
heated with ohrmc heatmg to generate steam Steam can provide add&onal stnppmg of adsorbed 
contammints Also the removal of sod moisture can mcrease the an flow permeabhty of the 

sod berng treated thus enhancmg the capabihty of vapor e m o n  to remove contammints (but 

lessenmg the abhty to contmue heatmg the subsurface with electrical current) 

The pnmary pieces of equipment needed to support ohrmc heatmg mclude stamless steel pipmg 

(for electrodes) a 60 Hz power supply an opbonal SIX phase transformer thermocouples for 
momtonng subsurface temperature, and a vapor recovery/treatment system Electrode gnds may 
be placed at vmous lmbons targeted for treatment Extracted vapors from mulbple locabons 
may be dmcted to a central treatment locabon or to mdwidual treatment umts 

The location of the electrode gnd(s) and vapor extramon well(s) for cleanup of the volat.de 

subsurface contammints at OU 1 are contmgent on txatabhty test results m whch the optunum 

system design would be defmed however for this alternatwe it was assumed that one gnd 

would be mstalled at IHSS 119 1 Thls gnd would have SIX electrodes mserted to approxmately I. 
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20 feet below the surface m a hexagonal arrangement malang up a cmle with a dmmeter of 

approxunately 20 feet Add~bonal gnds would be requved to r e m a t e  the en- site As 

previously dlscussed the conceptual approach presented for RF heatmg is canred forward for 
detarled analysis The dormahon presented here on o h c  heatmg may be beneficd rf it is 

selected as the preferred technology pnor to mplementabon of any rem& achons at OU 1 

@ 

A sod gas survey consistmg of approxunately 100 probes wdl be conducted to determme exact 

locabons of wells and to ident@ any addQonal areas warrantmg remedmbon There is a 

possibhty that DNAPL pools wdl be encountered dunng the remedmbon and may present a fire 

hazard or health and safety concern Procedures wdl be m place dumg the remedmhon to 

m m m  any hazards or concerns 

Based on hstoncal photographs of the drum storage area at MSS 119 1 and an assumed lateral 
DNAPL Qspersion through the subsurface sod the dunensions of the pnmary conhumant 

source were estunated at 100 feet by 100 feet by 20 feet Because SVE extramon rates are 

optmal m dry sod, the treatment zone wdl be dewatered by groundwater extramon wells 

Imtd dewatenng is requmd with mtemttent operabons to keep the treatment zone dewatered 

throughout the entve rem* amon 

0 

Extracted groundwater wdl be pumped to the French Dram where it will be transferred to the 

Buddmg 891 water treatment system descnbed m S-on 2 The French Dram wdl contmue 

to capture groundwater for 10 years followmg source removal acbvibes m order to capture the 

contammated groundwater plume Three addt~onal years of momtomg will be used to verrfy 

that the groundwater concentrahons remam below PRGs 

The SVE system wdl operate as descnbed rn Altematwe 2 with the excepbon that radlo 
frequency antennae wdl be placed m wells as necessary to mmtam elevated subsurface 

temperatures Approximately 36 vapor extracbon wells fitted for radlo frequency antennae will 

be ddled with a 30% radus of mfluence (ROO overlap m the treatment area Based on the 

OU 2 SVE treatabhty study it is estmated that 4 mch h e t e r  wells wdl produce a well head 

10 
QU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 3 19 



I 
pressure of 120 mches of water and a ROI of 10 feet under normal operatmg con&bons With 

an estmated sod permeabhty of 0 05 h y  it is anbcipated that vapor extracbon rates wxll 

approach 10 standard cubic feet per mmute (scfm) The txeatabfity study at OU 2 mdicated that 
extrachon rates are optunal dumg dry con&bons so the treatment area wdl be dewatered dumg 

the remednbon Extra&on rates documented dumg the SVE treatabhty study at OU 2 

decreased from 40 scfm to 5 scfm dumg wet con&bons 

0 

Intermittent operahon wdl be utdmd to mcrease the removal efficiency of the SVE system 

Preferentd vapor channelmg, or short cmuitmg wdl be mllllfIllZed by a geotextde h e r  
Increased vapombon caused by the elevated temperatures wdl reduce remedmbon tune as well 

as mcreasmg removal efficiencies of the contammants 

Extracted vapors wdl be transferred to an off gas treatment system such as GAC umt A GAC 

system would requm two dud mounted GAC vessels placed m senes and each contamng 1 500 

pounds of acbvated carbon each The GAC wdl need to be replaced approxmately every three 

months i e 1,500 pounds every 6 weeks dependmg on the COC concentrabons loadmg 
eficiencies compebhve admphon rates and type of carbon The spent GAC wdl be 

regenerated at an off site fachty 

Vapor samphg from portals near the wells and GAC umts wdl be used to d e t e m e  the 

effectveness of the enhanced SVE system replacement rates for the GAC vessels temperature 

and humihty In ad&bon pressure wdl be momtored at the wells and probes to determme 

extramon rates radu of d u e n c e  and If short cmuitmg is occumg 

Wastes generated as a result of thls altemahve will be managed m comphce with apphcable 

regulahons The wastes mclude spent GAC from the off gas treatment system and Buddmg 891 

water treatment system regenerant solubon from ion exchange resm regenerabon from the 

Buddmg 891 water treatment system and wastes asSOcliited with well mstallabon such as d d l  

cuttmgs and decontammabon water The decontammbon water can be sent to Buddmg 891 

The regenerant soluhon from the spent ion exchange resms wdl be pH neutmhzed and sent to 1. 
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Buddmg 374 for evapombon m accofdance with cumnt opernonal pmcbces The spent GAC 

w a  be sent off site for regenemuon @ 
"hu alternatwe would requm a remedxibon tune frame of approxmately 15 5 years 'Ilus 

mcludes three months for a detaded sod gas survey three months for mobdmhon and 

demobhzabon two years for treatment ten -bod years of French Dram operabon and 

three years of groundwater morutomg to ensure that groundwater concentmuons remam below 

PRGs Thls would be requved to venfy that all residual sources of DNAPIA m the subsurface 
have been remedliited NESHAPs pernuts would be required for any other gas treatment 

systems 

3 2 5 Altemabve 4. Hot An m g  

'Ilus alternatwe seeks to acheve RAOs tbrough an movatwe m situ technology that combmes 

hot an stnppmg with vigorous mmng of subsurface medm Contammated groundwater is 

remedmted through extramon and treatment m the Buddmg 891 fachty, whde the subsurface 
residuals are addressed by source removal with hot rn mj-on and mechafllcal mwng 

'Ilus alternatwe targets the idenMied source area m IHSS 119 1 but a d h o o d  areas could be 

mcluded based on the results of a M e d  sod gas survey precedmg treatment The MSS 119 1 

source area is estunated at 100 feet by 100 feet with a depth to bedrock of appmmately 20 
feet 

Thts movahve technology operates under the same basic pmciples of SVE and thermal 

enhancement dwussed m the previous altemabves but combmes these with vigorous m e c h d  

mlxzng to mcrease treatment effectweness by ensumg tamer gas contact with all contammabon 

The mmng of the sods by an auger allows homogenous treatment avoidmg the possibhOes of 
preferentd subsurface flow channels that could result m non uuform treatment Thls system 

represents an movatrve combmuon of technologes to mcrease treatment effectweness and 

decrease treatment tune 
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The pnmary treatment system m ttus altername consists of a cateyllar mounted dnll ng with 

spec- ddlmg equipment The dnll equipment is capable of dehvenng treatment reagents 
such as hot au  or steam vla pipmg rn a hollow drI.U bit shaft The dnll bit has a cuttmg/mmng 

blade wluch can vary m dmneter from 4 to 12 feet Groundwater extrachon wells would be 
placed m previously treated sod columns Dewatemg of a small area pnor to treatmg the mtd 
sod column would be accomphshed vm an extrachon well dnlled with convenbonal dnllrng 

equipment Extracted groundwater would be treated through the exlstmg Buddmg 891 treatment 

system The dnll ng can produce up to 350 0oO ft lbs of torque sufficient to provide excellent 
m m g  of subsurface sods as the dnll bit descends through the sod column The drI.U bit also 

has mulhple mje&on ports for hot au debvery The mulbple ports provide unrfonn dehvery 

of hot a n  throughout the treatment zone The caterpillar mounted dnll ng is moved from one 

mtment zone to another sequentdly untd the entue site is remednted The treatment columns 

or drI.U shafts are overlapped by 30% to ensure adequate treatment throughout the entue site 
4 to 6 columns can be treated per day dependmg on site conhbons A conceptual view of the 

hot au mjecbon and m e c b c a l  mmng technology is mcluded as F i g u ~  3 6 

0 
I 

For v0lat.de compounds such as those at OU 1 a negatwe pressure shroud is placed over the 
a 

en- treatment zone to capture off gases for dehvery to an onboard off gas treatment system 

Mats are placed under and around the ng to ensure that contarmnants do not reach the 

atmosphere by surfacmg outside the shroud The shroud vacuum is connected to an off gas 

treatment system A vapor hquid separator removes entmned hquids for dehvery to the 

Buddmg 891 water treatment system Vapors contmue through the off gas treatment system 

For the contammants and concentrabons at OU 1 vapor phase carbon adsorpbon is the preferred 

treatment optron Once treated the m is recycled to a compressor and heater and remjected to 

the subsurface 

Wastes generated as a result of thls altematwe wdl be managed m compbce with apphcable 

regulahons The wastes mclude spent GAC from the off gas treatment system and Buddmg 891 

water treatment system regenerant solubon from ion-exchange resm regenerabon from the 

Buddmg 891 water treatment system and wastes assocmted with momtomg well rnstallatron 1. 
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such as d d l  cuttmgs and decon-on water The decontamrnatlon water can be sent to 

Buddmg 891 The regenerant solubon from the spent ion exchange resms wdl be pH neutralzed 

and sent to Buddmg 374 for evaporabon m accordance with cumnt operabonal practices The 
spent GAC wdl be sent off site for regenerabon 

@ 

Appromately 141 sod columns wdl be necessary to remednte the idenMied source area m 
IHSS 119 1 whch could be accompbhed m three months The total r e m d  tune frame for 

thls altemabve is 13 75 years with three months for the detaded sod gas survey three months 

for mobhation and demobhahon three months for treatment ten addIbonal years of French 
Dram operation to remedmte the contammated groundwater plume and three add&onal years 

of moxutomg to ensure groundwater concentrabons rem= below PRGs A plan view for this 

alternative is mcluded as Figure 3 7 

3 2 6  Alternab ve 5 Sod Excavabon with Groundwater Pummg - 

Thls altemabve is mtended to acheve RAOs through excavabon of contammated groundwater 

and sod beneath a Qscreet pornon of the IHSS Th~s altemabve ddTers from the m situ 

treatment alternatives m that a poaon of unsaturated and potentdy saturated sods at the IHSS 

would be excavated down to the water table to allow for the removal of localmxi groundwater 

contammation The excavated sods would be treated by thermal desorpbon to rnmm any 

further degradabon of groundwater beneath the IHSS from residual DNAPLs present m the sods 

Thls is a worst case scemo whch would enable contammated water to be located and 

subsequently removed Such efforts may be requued based on the cumnt un&rstandmg of the 

hydrogeologc condIbons at OU 1 whch suggest complex geology m the area Excavabon and 

groundwater pumpmg are estabhshed rem- technologes whch can be combmed with no 

sigdicant Miculbes 

Thls altemabve would mum excavabon of approxmately 17 500 cubic yards of unsaturated 

and potenWy saturated sods m the southwest comer of IHSS 119 1 based on the results of the 

Phase III W R I  (see Figure 2 1) Excavation of the requved volume would result m an 
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excavated area of 0 7 acres based on excavatmg a 100 €t by 100 ft area down to bedrock (20 

ft ) with slopmg around the area of 2 to 1 a 
Excavabon would be termmated shghtly below the underlymg bedrock to ensure that all  

contammated groundwater pools are reached The groundwater would be collected usmg sump 

pumps mstalld withm the excavahon Standard submersible pumps would be used to dvect 

collected groundwater to the exwtmg French Dmn sump pumps The groundwater would then 

be transferred to the Buddmg 891 water treatment system at OU 1 for final treatment and 

Qscharge A conceptual view of the excavabon and treatment process is shown m Figure 3 8 
A pipmg system from the excavabon to the OU 1 treatment fachty would be requlred and would 

most hkely be constructed of PVC and buned to a sufficient depth to prevent freemg 

Surface sods located withm the excavabon area wdl be scraped and stockpled on site to be 
treated with surface sod from OU 2 at a later tune The subsurface sod wrll be excavated and 

transpofied to a stagmg area for treatment It is anbcipated that the stagmg area can be 
constructed withm 300 feet of the excavahon Management of the surface and subsurface sod 
wdl comply with 40 CFQ 264 and may mclude creatmg a roof or other cover over the stagmg 

area to mmtnuz precipitabon onto the sod and prevent fupbve dust losses landscapmg the area 

to cmte adequate -e placmg a pad or h e r  under the stomge areas to prevent ddtrabon 

and h i t m g  access to the stomge sites The actual excavabon would be accomphshed usmg 

convenbonal construmon equipment although breathmg apparatus may be mcluded as part of the 

machmery or may be handled separately on an m&vidual h i s  

, @ 

The excavated sod m the stagmg area WIU be dewatered and treated by a slud mounted thermal 

desorpbon umt to below d e m o n  h i t s  for PCE TCE 1 1 DCE CCb, and 1 1 1 TCA The 

treated sod should meet the RCRA Land Disposal Restnmons mcludmg restncbons for 

raQonuchdes and metal compounds pnor to &sposal m a pemtted treatment storage and 

Qsposal (TSD) fachty It is assumed that an appropmte fachty is located w i h  100 mdes of 

the site The treated sods could be Qsposed of on site however due to the admmstrabve 

Miculhes of dehstmg hazardous wastes it has been assumed the treated sods wrll be shpped 
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off site for Qsposal a 
Groundwater extracted from the excavahon wdl be pumped to the French Dmn where it wrll 
be transferred to the Buddmg 891 water mtment system The French Drarn wdl conbnue 
operatmg for 10 years after remednhon to collect contammated groundwater Groundwater 

momtomg wdl contmuue for an adQhonal3 years followmg French D m  Qscontmuuahon of 
French D m  operahon to venfy that the concentrahons reman below the PRGs at the French 

DlZllIl 

RaQologrcal momtomg would be conducted for the durahon of the excavahon due to the 

p o t e n d  presence of plutoruum m the sods Although Altematwe 5 mvolves removal of the 

source of contammaUon to groundwater at IHSS 119 1 groundwater momtomg of groundwater 

would stdl be r e q u d  once the remedud a o n  is complete to venfy that all soums of residual 

DNAPL contammahon have been remedmted Short term momtomg of vapor mncentrahons 

rn au would also be requued dumg the excavabon and pnor to its closure 

A bund gas transmission h e  is located m the vlcllllfy of IHSS 119 1 and the French D m  
e 

Site utd~ty maps wrll be consulted dumg the excavahon and pnor to l a p g  the PVC pipe to 

ensure that the transmssion h e  is not damaged Standard health and safety pract~ces wdl also 

be used to ensure that the transmission h e  remms mtact 

All wastes generated as a result of h s  alternatwe wdl be managed m compltance with apphcable 

regulahons They mclude spent GAC from the off gas treatment system and Buddmg 891 water 

treatment system regenerant soluhon from ion exchange mms m Buddmg 891 treated sod and 
wastes asmuitd with mstallatron of momtomg wells such as drill cuttmgs and demntammhon 

water The regenerant soluaon from the ion-exchange resms wdl be pH neutraLlzed and sent to 

Buddmg 374 for evaporabon Treated sod wdl be managed before final Qsposal 111 essentdly 
the same manner as untreated sod and the spent GAC wdl be sent off site for regeneraaon 

The total remednl tune frame for this altemahve is 14 years 'R.us mcludes three months for 

0 
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a detaded sod gas survey three months for m o b h b o n  and demobhzabon m e  months for 
excavabon ten addbonal years of French Drarn operabon for plume remedmbon and three 

subsequent years of contmued momtomg to ensure groundwater concentrabons remam below 

PRGs A plan view of Alkrnabve 7 IS flustrated m Figure 3 9 

@ 
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4 0 DETAILED ANALYSIS OF ALTEZWATIVES 

Thls secbon analyzes the proposed remedd amon alternatmes usmg the c n t e ~  specfied at 40 

CFR 300 430 of the NCP and the RCRQ Cowecnve Acnon P h  (CAP) @PA 1994) Dews 

of the alternatwes presented m Sechon 3 0 are used as the basis for these analyses whch address 

both the CERCLA c n t e ~  and RCRA standards There are m e  c n t e ~  designated m the NCP 

regulahons and m e  standards under the RCRA CAP guidance The NCP and CERCLA 

guidance &vides the c n t e ~  mto threshold balancmg and m w m g  c n t e ~  Threshold cntem 

are statutory requirements that must be sat~sfid for an alte-ve to be ehgble for selectron 

The two threshold cntem for thls detiuled analysis are overall promon of human health and 

the envmnment and comphce with ARARs 

The five pmary balancmg c n t e ~  of (1) long term effectrveness and permanence (2) redu&on 

m tomcity mobhty and volume (3) short term effectrveness (4)mplementabhty and (5) cost 

are used to evaluate each altematwe s major performance objectwes The relatwe performance 

of each altematwe is evaluated and then compared to others to identdj If any one altemahve 

meets all the c n t e ~  

The two m-mg c n t e ~  state acceptance and commumty acceptance evaluate the feasibhty 

of unplementmg an altematwe m terms of its acceptance by regulatory agencies and the pubhc 

These cntem are not evaluated untd after the formal pubhc comment penod on the CMS/FS 

report and proposed plan The cntem are addressed m the CADIROD 

4 1 1  m t  Ove 

Under CERCLA cntenon and RCRA standards each alternatwe is evaluated for the overall 

pmtectweness of the proposed amon Proposed alternatwes descnbe how human health and 

envuonmental nsks are elunmated reduced or controlled through treatment engmeemg 
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controls or msbtubonal controls The overall p romon  of human health and envmnment 

crrtem is a threshold cr~tem whch an alternatwe must meet to be the selected amon In 
part~cular each alternatwe is x q u d  to be evaluated m meetmg RAOs estabhshed for the site 
The assessment also mvolves analyzmg whether PRGs are satrsfied through unplementab&ty 
long term effmveness and permanence and short term effmveness The evaluabon of overall 

protectweness exammes whether an alternatwe results m any unacceptable nsks or cross medm 
lmpacts to a site The other threshold crrtem is complrance with ARARS Each alte-ve is 

requued to be evaluated on the basis of how it comphes with ARARs 

a 

4 1 2 Comphce with Amhcable or Relevant and Appropriate Reautre men t s 

The selmon of ARARs for an alte-ve is governed by the re-ons of the NCP and EPA s 

Mice of Sohd Waste and Emergency Response (OSWER) Dmctwes Such m v e s  mclude 

the Complrance wrth Other Laws Manual (BPA 1988b) and the RCRA CAP guidance A 

hscussion of the selmon of chemcal specfic ARARs for OU 1 has been presented m S m o n  
0 2 Brreflysumrnamed m a r e  

e Apphcable a requmment that apphes under cmumstances other than CEIRCLA 
tothecontammint actlon situahon orlocauon or 

e Relevant and appropmte a requuement not normfly apphcable to the site but 
because the requvement addresses an actlvity, locatton or situahon strmlar to the 
site and the requuement is well suited to the remedud actlon proposed at the site 
it is judged relevant and appropmte It IS possible for a requmment to be 
relevant but not appropnate for a site 

As rem& acbon alternahves are developed and screened through the CMS/FS process 

envmnmental standards are further analyzed and screened for the site Amon sjmxfic and 

locahon p f i c  ARARS previously idenflied m the OU 1 CMS/FS process have been further 

screened to check the jundcuonal and cmumstantd ARAR prerequisites Each idenflied 

standard has been noted as apphcable or relevant and qpropmte or not apphcable or relevant 

and appropmte for each alternatwe at OU 1 Any proposed standard or guidance whch could 
be relevant to the cmumstances at OU 1 was considered m the screenmg process Proposed 
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standards and cumnt guidance are described as TBCs rn the detaded analyses The cntena used 

to evaluate apphcable requuements are 

0 

0 

0 

0 

0 

Is the substance or contarmnant addressed under the regulahon 
Is the tune period m the regulahon apphcable 
Does the regulahon requm h u t  or prohbit the achvihes 
Who is subject to the reguhhon 
Who is exempt from the regulahon 

The cntena used to evaluate relevant and appropriate requuements are 

The substance or contammant addressed under the regulahon is slmllar to the 
situahon at OU 1 

The medm affected by the requuement 1s sunllar to the cmumstances at OU 1 

Acttvihes affected by the regulahon are sunllar to actmbes proposed at OU 1 

The area addressed by the replabon is sunllar to the area affected by the 
proposed alteratwe at OU 1 

Structures fac&hes or technologres addressed by the regulauon are smdar to 
those proposed at OU 1 

Ecempbons or variances of a requuement are appropriate to the cmumstances at 
ou 1 

Each p f i c  altemahve is assessed to determrne rf the proposed amon can comply with each 

idenMied ARAR or TBC Sechon 121(d) of CERCLA requues remedd achons to comply with 

or exceed the ARARs designated at a site It is a threshold cntem designated rn the NCP 

regulahons for proposrng an altemahve at a site Comphce with apphcable standards for 

waste management is also one of the cnteria under the RCRA CAP guidance 

Comphce with an ARAR can be waved under p f i c  cmumstances as designated rn 
CERCLA as amended [Sechon 121(d)(4)] and m the NCP regulahons Any proposed wavers 

from the ARARs are presented rn the Proposed Plan and Record of Decision along with the 
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reasons for such an acbon Reasons for a waver mclude a 
e A State standard has not been consistently apphed m slmllat cucumstances 

e The proposed actton is an m t e m  actron 

e Comphce with the ARAR wdl mult m greater nsk to human health and the 
envmnment than other alternahve opbons 

e Compbce is not techcally feasible 

e The selected actron wdl attam a standard equivalent to an apphcable standard 
usmg another approach 

The RCRA CAP guidance does not mclude a specfic method for obtaumg wavers from ARAR 
comphce dumg a CMS The Guidehe does allow for some labtude m the estabhshment of 
medm cleanup standards however 

Medn cleanup standards may be proposed by the pemtke/mpondent m the CMS Report based 

on promulgated federal and state standards nsk denvd standards site specfic mformabon 

andor apphcable guidance documents Alternatwely standards may be set by the mplementmg 

agency pnor to the CMS stage If medn cleanup standards are set by the mplementmg agency 

the permittee/respondent may propose to mod@ them dumg the CMS F d  medn cleanup 

standards wrll be detemed by the mplementmg agency when the femedy is selected 

In adchon to a-g the estabhshed medn cleanup standards, potentd rernexhes considered 

dumg the CMS process are requlred to comply with all apphcable state or federal regulauons 

State of Colorado Regulabons allow for pebhomg for the m&cabon or wavmg of RCRA 

regulahons 

Subpart C Rulemalung Pehbons Thls secbon pmvides that any person may pebbon to modlfy 

or revoke any provision m Parts 260 through 265 of the Colorado Hazardous Waste Regulabons 

For example wastes at a fachty may be excluded from the hst of hazardous wastes If the 
peuboner can demonstrate to the sabsfachon of the CDPHE that the waste produced at the 

General requmments for the pehbomg process are found m 6 CCR 1007 3 

0 
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fachty does not meet any of the c n t e ~  under whch the waste was hsted as a hazardous waste 
The results of the ARAR analysis conducted at OU 1 for each altemabve is presented m a 

tabular form m A p p e n h  D Key ARARs selected from Appenduc D for &scussion m the 
detaded analysis of alternatwes are those whch are judged to be most cnbcal to an dternabve s 
mplementabon Key ARARS mclude 

0 

e Colorado Basic Standards for Groundwater 5 CCR 1002 8 3 11 5 and 3 11 6 

e Colorado RCRA Regulabons 6 CCR 1007 3 Parts 264 and 268 and proposed 
changes to Part 261 

e Colorado Aw Pollubon Control Regulabons 5 CCR 1001 5 Regulabon 7 

e Colorado Nongame Endangered or Threatened Species Conserv&on Act CRS 
33 2 101 

Key Apphcable or Relevant and Ap~mmte Requtremeq;ts 

Srnce the State of Colorado is a u t h o d  by EPA to mplement the RCRA program the RCRA 

ARARs under the State p r o p  are designated as key ARARs Releases and spdls at OU 1 

occurred pnor to the effmve date of the RCRA regulabons so many of the RCRA regulabons 

are designated relevant and appropmte rather than apphcable to OU 1 The excepbon to thls 

is the Colorado regulabons re-g sohd waste management umts (SWMU) m 6 CCR 1007 3 

264 9O(a)(l) whch are apphcable to the cmumstances at OU 1 They state that the owner or 

operator of consbtuents m SWMUs must comply with 264 101 Releases of hazardous 

conshtuents from SWMUs accordmg to 264 101, Subpart F requue comcbve amon for 

protecbon of human health and the envmnment 

Subpart F of the Colorado RCRA reguhons also concern groundwater protecbon Many of 

the subsecbons of ths subpart are dmxted to regulated umts but OU 1 is not a regulated umt 

However OU 1 hsts SWMUs m a RCRA Part B pemt  apphcabon mventory Therefore 

secbons of Subpart F that are relevant and approprrate to OU 1 mclude 
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e 6 CCR 
e 6 CCR 
e 6 CCR 
e 6 CCR 
e 6 CCR 
e 6 CCR 
e 6 CCR 

1007 3 264 92 Groundwater p romon  standards 
1007 3 264 93 Hazardous consbtuents 
1007 3 264 94 Concentrabon h u t s  
1007 3 264 95 Pomt of complmce 
1007 3 264 96 Comphce penod 
1007 3 264 97 General groundwater momtonng requmments 
1007 3 264 98 Detecbon momtonng program 

These subsecbons are focused on the specrfics of conductmg a groundwater momtonng program 

and detectmg exceedances of the groundwater protecbon standards 

The other requmments of the Colorado RCRA program that are apphcable to OU 1 are 

contamed m 6 CCR 1007 3 264 101 "his secbon requms that c o m v e  acbons be located 

between the SWMU and the downgrahent fachty boundary or beyond the fachty boundary 

where necessary to protect human health and the envmnment unless specfically prolubited due 

to a lack of property ownersbp Onsite measures are determmed on a case by case basis 

@ Implementabon of groundwater p romon  measures are also part of the Colorado Water Quality 

Control Commission s Basic Standards for Groundwater (5 CCR 1002 8 3 11 0) Smce the 

Colorado State Basic Standards for Groundwater are potend chemcal specfic ARARS the 
mplementabon approach withm the standards would be relevant and appropmte but not 

apphcable CDPHE has mplementabon responsibhty as detaded m 5 CCR 1002 8 3 11 6(B) 

The regulabons of 5 CCR 1002 8 3 11 6(C) and @) provide some Qscrebon m the selecbon 

of the pomt of complmce Bnefly summanzed the pomt of complmce could be estabhshed 

at any one of the followmg locabons 

e The site boundary 

e The hydrologcally downgmhent h i t  of the area m whch contammabon emts 
at the tune idenMied 

e At some &stance hydrologdy downgmhent from the amvity causmg the 
contammabon and closest to the acbvity as detemed by site specfic factors 
such as the estabhshed wellhead protmon areas the potentd of the site as an 
aqurfer recharge area and the recommendabons of the owner or operator 
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Another part of the Colorado RCRA regulahons that are relevant and appmpnate to OU 1 is the 

closure and post closure requmments for regulated umts The closure requmments of 6 CCR 

1007 3 264 112 requm preparabon of a closure plan that is consistent with the requmments 
of the groundwater protechon standards of Subpart F Elements of the State post closure care 

requmments 111 6 CCR 1007 3,264 117 that are relevant and appropmte to OU 1 are the post 

closure care penod and the requmments for mmtenance and momtomg of waste contamnent 

systems m accordance with Subpart F The post-closure penod is 30 years after complehon of 

remednbon unless changed by CDPHE Reasons for a r e d u d  penod mclude a demonstrahon 

that the groundwater protec%on standad has not been exceeded for a penod of three consecubve 

years In adhhon it must be venfed that the reduced tune is protectwe of human health and 
the envmnment 

An emission standards under the Colorado RCRA regulahons (6 CCR 1007 3 264 1033 

264 1052 264 1054 and 264 1057) and Regulabon 7 of Colorado s Au Polluhon Control 

Regulahons are potentdly apphcable to the remexinuon alternabves that rnvolve VOC 
emissions Regulahon 7 requms the use of reasonably avadable control technology (RACT) to 

control VOC emissions of over two tons/year or two lbs/hour 
0 

Colorado s RCRA regulahons requue that VOC emssions fmm au strrpplng RCRA treatment 

umts to be momtored and operated m accordance with the RCRA closed vent and control device 

system standards The standards requm condensers or adsorbers to acheve 95 percent weight 

efficiency and to mshtute exhaust vent stream momtomg [6 CCR 1007 3 264 1033(f) (g) or 

(h)] Valves and equipment leaks are requlred to be momtored and mamtamed 111 a condmon 
to acheve the no detectable emissions level 

The Colorado Nongame Endangered or "hmtened Species Conservabon Act (CRS 33 2 101 

et seq ) requms that mhgenous species found to be endangered or threatened m Colorado be 
protected m order to mamtam and enhance then numbers It is a relevant and appropmte 

requmment for the OU 1 earth hsturbmg remedratLOn alternabves The Colorado Division of 
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Wddhfe (CDOW) has the responsibhty of determrtllng maaagement needs that wdl allow for 
the contmued sustambhty of populabons of nongame species 

The Colorado Nongame Endangered or Threatened Species Conservabon Act is partscularly 

si&icant to RFETS because it has the largest known populabon of Preble s meadow jumpmg 

mouse (Zapus hudsomus ssp preblei) m Colorado The Preble s meadow jumpmg mouse is a 

species of specd concern m Colorado A s p e d  concern species is not legally protected but 

CDOW favors rnmtaumg the species and enhancmg its habitat where possible Federal 

authonoes cumntly consider the -le s meadow jumpmg mouse a Category 2 species whch 

is a canhdate for hstmg as a Federal threatened or endangered species Stuhes to gather 

mformabon concemng the species and its need for Federal and State promon  are ongomg 

Should the mouse be hsted on the Federal Endangered Species Act b s t  the requmments of 

Secbon 7 of the Act would be a key ARAR S-on 7 requms consultabon with the U S Fish 

and Wddhfe Service and m parbcular pxeparabon of a bio1ogm.l assessment concemg the 

species and its habitat 

Habitat requmments for the Preble s meadow jumpmg mouse mclude mtact nparran comdors e 
such as those found along Woman Creek There has been positwe idenMicabon of Preble s 
meadow jumpmg mouse m nparran areas adjacent to the OU 1 boundary As a Federal fachty 

it is the obhgabon of the operator of RFETS to mumme the mpact of remedmbon to nparran 

areas RFETS staff wdl mrdmte actmbes with CDOW to ensure that the populaaon of 

Pmble s meadow jumpmg mouse at RFETS is protected to the extent possible dumg 

mplementabon of the selected altemabve at OU 1 

4 1 3 Long Term Effectveness and Permanence 

One of the balancmg cntem hsted m the NCP is long term effectwenew and permanence m 
the CAP guidance it is hsted as long term rehabhty and effecbveness Each altemabve is also 

requued to be evaluated agmst thts c n t e ~  The NCP emphasues the preference for treatment 

to acheve long term protecbon and permanence for a site RCRA CAP guidance also 1. 
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emphasizes long term rehbhty and effkctweness as a factor m selectrng a proposed alternatwe 

Cntem for evaluatmg long term effkcbveness and permanence mclude the followmg 

e Persistence toxlcity and mobhty of hazardous substances and then consbtuents 
and thew tendency to bioaccumulate 

e 

e 

e 

Long term uncertambes assoclizted with contamment 

Long term potentd for adverse health effects 

Long term cost of momtomg and mamtenance 

e Ease of undertalung future remedud amon 

Considerabons are focused on the residual m k  remammg after Implementahon of the alternabve 

In partmlar the evaluauon of the alternatwe is to consider whether RAOs wdl be met RAOs 

often are focused on long term eff-veness and permanence The evaluabon of a proposed 

alternatwe must mclude an analysis of the potenttal threat to human health and the envmnment 

from untreated waste or treatment residuals remamng at the site after remedmbon "Ius 

analpcal process mcludes the followmg elements 
@ I 

e 

e 

e 

e 

Volume and concentmaon of contammts m untreated medm 

Volume and concentrabon of contammnts m treated residuals 

Requmments for 5 year site reviews and long tern momtomg 

Dfiiculbes assmated with long term operabons and mamtenance 

e 

e 

Adequacy and rehbfity of controls 

Potentd need to replace techcal components 

e Potentd exposure pathways and nsks posed should the remedml acbon need 
replacement 
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4 1 4 Reduchon of Toxlcity. Mobdm - . or Volume Throue h Treatme nt 

Another one of the b h c m g  cntem m the NCP and RCRA CAP guidance is reduchon of 

tomcity mobhty or volume of wastes through treatment The CERCLA cntenon evaluates the 
abhty of an altemahve to reduce the nsks at a site through the destruchon of toxlc 

contammts reduchon of the mass of toxlc contarmnants reduchon m contammint mobhty 

and reductron of the volume of contammated medm The NCP states a preference for rem& 
alternatwes that mclude treatment whch acheves thu cntenon as a pmcipal element of the 

remedy RCRA CAP guidance also p f i e s  redurnon m the tomcity mobhty or volume of 

waste as a standard for the selechon of a preferred dtematrve Specfic considerahons for 

reduchon of to~~city mobhty or volume 0 mclude the followmg 

e 

e 

e 

e Extent of TMV reduction 
0 Irreversibhty of treatment 
e 

Adequacy of the treatment process to address PRGs 
Specfic requuements and btahons of the treatment process 
Volume of the contammated medn treated 

Quanhhes and tomc c-mcs of treatment residuals or byproducts 

4 1 5 Short Term Effectweness 

Short term effmveness is another of the NCP balancmg cntem and a standard of the RCRA 

CAP guidance In evaluatmg altematrves the CERCLA cntenon and RCRA standards relevant 

to short term effectweness consider the penod of tune r e q u d  for construchon and 

unplementahon of each altemahve The cntenon evaluates commumty and worker protechon 

dumg the remednhon amvity as well as potentd adverse envmnmental mpacts that may result 

from the altemahve The considemhon of envmnmental mpacts dumg remednhon mcludes 

elements as an evaluatron of the mpact of the altemahves on the q d t y  of habitat at the site 

Implementabhty is a cntem under both the NCP regulahons and RCRA CAP guidance Tbs (. 
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cntenon addresses the techcal and admmstratnre feaubhty of mplementmg an alternatwe 

mcludmg the avadabhty of mateds and sewices Implementabhty is pamcularly mportant 

for evaluatmg the rehbhty of technolo@es that are mnovabve or propnetary Specrfc 

considerabons relevant to mplementabhty mclude the followmg 

0 

0 

0 

8 

0 

0 

0 

Abihty to construct and opemte the alternahve withm a 10 to 30 year tune f m e  
Avadabhty of equipment and p u h s t s  
Avadabhty and rehbhty of the components of the alternabve 
Abhty to momtor the eff-veness of the altematwe 
Demonstrated performance level of the treatment components and equipment 
I)lfficulty rn mplementmg fi~ture r e m d  mons once the alternatwe is m place 

The R C U  mplementabhty standad also requms addressmg these same considerabons for each 

altematwe The mplementabhty evaluabon is requrred to identrfy the admmstratwe and 

coonbated local State and federal quuements The CAP guidance requrres idenhfkabon 

of necessary permits 

Cost is a cntenon under the NCP regulauons and RCRA CAP guidance It is one of the 

balancmg cntem under the NCP Cost is to be evaluated vm the capital costs long term 

operabon and mmtenance (06M) costs and post closure costs Present worth costs are used 

to compare expenses of each altematwe that occur over Merent tune periods By Qscountmg 

all costs to a common base year, the cost of each altematwe can be reduced to a smgle figure 
for cornparatwe analysis Thts report assumes a Qscount mterest rate of 5 percent (as specrfied 

m the CMS/FS guidance) to calculate the present worth of each alternatwe In a&hon a 

m m u m  unplementabon penod of 30 years has been used for alternahve analysis 

Cost can be a signrficantly Merent from one altematwe to another and may be the major 

Merence m providmg equivalent long term effectweness and permanence An altematwe with 

an excessive cost when compared to overall effectweness may not be feasible as a preferred 

alternative Also an alternative with a low mtd capital cost may have a larger total cost when 
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O&M is considered mgher costs may be offset by nnpmved performance or greater long term 
nsk reducbon m the comparatme analysis of alternahves However the altername that sahsfies 

the CERCLA requmments m the most cost effectwe manner is selected as the preferred 

altematwe 

1 0 
I 

4 1 8  

State (and commumty) acceptance of the proposed preferred altematwe are m-mg cntem 

accordmg to the NCP regulafions and the RCRA CAP guidance on pubhc mvolvement Changes 

to the proposed correctwe measures may be made after considemhon of pubhc comments and 

a deternabon by CDPHE that changes are necessary to the preferred alternatwe State 

acceptance refers to CDPHE s or other state agencies comments on the approprrateness of the 

proposed preferred alternatsve CDPHE s concerns about the prefermi altematwe and other 

alternatwes are to be assessed as early m the regulatoq process as practmble, usually m the 

remedal acuon plan/proposed plan The State s comments on ARARs or proposed use of 

wavers are to be addressed by the lead agency 0 
4 1 9 Commumty Acceptance 

The commumty acceptance cntedpubhc mvolvement pohcy of the NCP regulabons and RCRA 

CAP guidance is the last cntena to be evaluated pnor to f d  selmon of a remedy The DOE 
EPA and the State wdl evaluate the issues and concerns msed by the pubhc m theu comments 

on the proposed rem- achon plan/proposed plan Interested people or groups m the 

commumty may support have reservahons about or oppose some components of the preferred 

alternabve then- concerns may mfluence the final selmon of an altematwe m the CAD/ROD 

4 2  Background Analvse S 

Background analyses have been conducted to obtam data to assist m the demled analysis of 

altemabves mcludmg estabhshg groundwater momtomg requmments groundwater modelmg 
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l 
and residual nsk assessment Each of these analyses are descnbed m the followmg subse&ons 

4 2 1  Gmu ndwater M O I U ~ ~ M ~  

Groundwater momtomg is mcluded as part of each altematwe presented m th~s report For the 

purposes of the detaded analysls of alternabves it is assumed that a performance momtonng 
system would be used to comply with the RCRA regulabons New wells would be mstalled 

mcludmg one deep cluster and one shallow well cluster downgrahent of IHSS 119 1 and 

possibly two add~bonal wells upgrahent of Woman Creek It is suggested that mstallabon of 

the well clusters be preceded by geologcal and geophysical support such as photographc 

heament analysis or three-dunensional seisrmc surveys a s  would enable paleochannels and 

faulted mnes to be clearly identdied pnor to the well mstallabons 

Samples would also be collected semmnuaUy from the French Dmn Samples would be 
analyzed for orgmc and morgmc contarmnatlts mcludmg mdwidual species of morga~c 
contarmnants to idenbfy mhvidual metal species with a potend to bioaccumulate Thls 
adhhonal analysis should not be a routme component of the samphg program 

4 2 2  Grou ndwater Modelug 

Groundwater modehg has been performed to support the W e d  analysls of the alternatwes 

Groundwater modehg was completed to pnxhct downgradlent contammant concentrahons 

resultmg from suspected DNAPL sources at IHSS 119 1 Thtee conceptual models we= 

idenMied and used to pmd~ct future contarmnant concentrabons at the downgmhent side of the 

French Dram and m the alluvium of Woman Creek (Altematwe 0) The No Achon model was 

used to examme contammt rmgrahon patterns with no source removal and decommissiormg 

the French Dratn The Inst~tut~onal Controls model (Atematwe 1) was used to examme 
contarmnant migrahon patterns with the French Dram and extramon well m operauon The 

remedmoon model (Altematwes 3 4 and 5) was used to exarmne the effect of remedmtmg the 

suspected sources w i t h  MSS 119 1 to the PRGs and to predict downgrahent concentrabons 

I I. 
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I 

once h s  goal was aclueved Based on the modelmg results the hstonc use of the site and the 

sporadic nature of the observed contammuon, it is assumed that the contammhon occurred 

because of small episod~c spds and that large pools of DNAPL do not east 

0 

The model is considered to be consematwe (1 e ,  overpdcts contanmant concentrahons) 
because 

It is two dmensional and does not smulate cbprsion transverse to the plane of 
the model Therefore the concentrahons ate consistently overestunated by the 
model 

The model assumes a constant groundwater flow when the site frequently has 
penods of either low flow or no flow 

The model converged well with actual conchhons at the site as mdcated by 

Convergence with observed hydrauhc condumvihes and groundwater flow rate 
and -on It mhcates that the advechve transport rates of the model are 
smuk to actual con&hons 

Smulahon of the observed spomhc nature of the contammint concentrahons 
The spodc nature mdcates that the source is mtemttent as the groundwater 
table nses it contacts the midual DNAPL m the subsurface sod wluch results 
111 some part&omg to the groundwater 

Accurate pnxbmon of the effects of the French Dmn and the extramon well on 
the hydrologc system at the site 

In general the results of the model md~cated that 

Contaminant concentrat;lons are always ovexpmhcted by the model The 
mphcahons of h s  are (1) m a t e d  exposure concentrabons are consematwe 
because they bound observed concentrabons (2) alternate source locaQons and 
condlfions (such as a source located somewhere outside the plane of the model 
or a source with a Merent release mechamsm such as dd3bsion from fractures 
111 bedrock) are mduectly accounted for by the model a Merent source is 
unhkely to result m lugher predrcted concentrahons (3) spreadrng of a source 
caused by degradatron and subsequent generahon of a contammant along a 
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' e  flowpath is also accounted for by the model because the estunated concentrabons 
are much hgher than actually observed (4) pnxhmve smulabons overestmate 
contarmnant concentrabons because they are based on the same concepts as the 
cahbrated model and (5) If the model was more realtsbc the smulated 
concentrabons would be smaller and more consistent with observed data whch 
would translate mto smaller concentrabons under the pmhcbve smulabons 

The model smulates relabvely well the oscdlatory behavior observed m actual 
concentrabons Tlus supports the concept that the source penoddly releases 
solutes and that the mung is related to seasonal variabons m clunabc condmons 

The model accurately predtcts the effects of the French Dram and the extracbon 
well The nse m smulated 1 1 DCE and 1 1 1 TCA concentrabons m Figures 
B 27 and B 25 reqxmvely that occur around 1992 1s caused by smulatmg the 
operabon of the French Dram whch started construcbon m November 1991 and 
fmshed m Apnl1992 The nse m concentrabons is caused by the mcmsed 
hyhuhc gnubent multmg from the mstallaQon and operabon of the French 
D m  whch pulls groundwater more rapidly towards Well 0487 The smulated 
concentrabons begm decreasing around 1993 when the extramon well started 
operatmg The gmhents are m i u d  when the extramon well is smulated 
because it pulls groundwater away from Well 0487 The observed comxntmbons 
vary m the same manner The slmllatlty between the model and observed 
vambons m concentrabons leads to the conclusion that the observed variabons 
are caused by the mstallabon and operabon of the French Dram and extracbon 
well That the model smulates h s  behavior undersums the conclusion that the 
model is an accurate and adequate representabon of site con&bons The s p b g  
effect caused by the French D m  is observed m all contammants 

Sensibvity analyses were completed for porosity decay rate, adsoqbon and hydrauhc 

conductwity The sensitwity shown for adsorpuon decnxsed with tme as the effect of the decay 

rate mcreased on the contammant concentrabons The analysis for porosity also mdcated an 

ovemdmg effect of decay as tune progressed Hydrauhc conductmty was consistently the most 

sensibve parameter chosen for the analyses and should affect transport rates and &spersion 

Therefore the herarchy of sensitwity for the parameters chosen for the analyses is 

Hydrauhc Conducbvity > > > > Decay > > Porosity and Adsorpbon 

I 0 Because the model converged well with observed hydraulic condumvibes it was assumed that 

OU 1 CMS/FS Report 
881 m i d e  Area 
February 1995 4 15 



the model was cabbrated well with the actual hydroloac system 

The computer sunulabon code TARGET - 2DU (Dames 8z Moore 1985) was used to smulate 

contammant transport 111 the subsurface at OU 1 TARGFlT-2DU is a verhcally onented fitllte 

Merence model that can smulate vanably saturated wnd&ons Thls model was selected due 
to the vanabfity of the saturated zone at OU 1 and because it has been successfully apphed at 

ather Superfund sites to support final CADs/RODs Baed assumpbons and uncembes 

assocmted with the model are mcluded m Appenb B The model wdl be avadable for pubhc 
use m 1995 

In exammg the results of the modehg effort PCE TCE 1 1 DCE 1 1 1 TCA and CCC 

were selected as wntarmnants at the site A hst of the peak concentrabons predicted for the 

contarmnants at the French Dram and Woman Creek for each alternatwe is found m Table 4 1 

For the No Acbon Alternabve, concentrabons nse and then remam constant for the remamder 

of the modehg penod For the Instrtutronal Controls with the French Dram Altemame the 
peak concentmbons occur at the begrntllng of the model They contmue to deem with tune 
For the r emhbon  alternabves, Altemabves 2 through 5, wncentrabons nse for a short me 
then decrease for the remamder of the modeled penod 

@ 

The three conceptual models we= also used to estmate residual nsk levels asmntai  with the 

rem& acbon alternabves proposed 111 tlus secbon 

4 2 3 Residual Rzsk Assessment 

The residual nsk assessment presented m Appendnc C documents the approach and calculabons 

used to estunate nsks assocnted with the proposed alternatwes To select the most appropnate 
pathways and contamrnants the results of the OU 1 PHE were reviewed 

Groundwater modehg was performed to estunate the contarmnant concentrabons m e 
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groundwater usmg the three conceptual models for OU 1 The results were then corn@ to 
contarmnantspecfic PRGs for O U l  Usmg these results from groundwater modehg 

noncarcmogemc hazard m&ces and carcmogemc nsks were calculated The results mhcate that 
none of the calculated noncarcmogemc hazard m&ces approach 1 and that the maxlfnum 
calculated carcmogemc nsk 12E-05 is for the No AcUon scenario The acceptable 

carcmogemc nsk range is 104 to 10-6 Noncarcmogemc hazards greater than 1 can mdxate a 

potentd for adverse effects to human health The carcmogemc nsks and noncarcmogemc 
hazards for each altemahve are hsted m Table 4 1 

0 

4 3 Detalled AnalVSlS of Altematl ves 

The detaded analysis of altemat~ves evaluates the two threshold and five balancmg cntem for 

each altematwe The analysm is conducted at a level of detail that budds on the mformauon 

presented m S-on 3 and is sufficient to provide an understandmg of each altematme Any 

uncertamhes asswnted with the evaluabon are also identdied m the detaded analysis Key 
trade-offs, with respect to the cntem, are identsfied for the alternatwes Accmhg to the 
CMS/FS guidance the results of the demled analysis are designed to provide the basm for 

idenwmg a preferred altematwe for the rem& amon 

@ 

I. 

Assumpuons used m perfommg the detaded analysis of altematwes mclude the followmg 

DNAPU are p o t e n t d y  present m the subsurface sod at IHSS 119 1 based on the 
results of the Phase XU WRI q m r t  If present it is assumed that they are 
pnmady m residual form and m small quanhbes 

Groundwater momtomg proposed under each altematwe wdl mclude samphg 
and analysis at the French Dram sump and potentdy a new performance 
momtomg system at OU 1 The locafions would be sampled sermannuaUy and 
analyzed for both orgatuc and morgamc contarmnants 

A sod gas survey wdl be conducted pnor to mtntmg any of the proposed 
treatment acbons to more accurately defme areas at OU 1 that requm treatment 
For purposes of the detalled analysis a 100 ft x 100 ft x 20 ft area located at the 
drum storage at MSS 119 1 is used for the treatment area 
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Table 4-1 
Pre&cted Peak Contarmnant Concentrations and Human Health Rsks 

Resident 

Worker 

Alternatrve 

3 3EM 3 5E49 

6 1E 14 2 4E 16 

Performance Monrtonng Locabon 

Downgradlent of upgradlent of 
woman C r e e  

L 

Resident 2 9E43 2 3E45 

- Worker 3 OE 10 1 8E 12 * 

Alternabve 0 No Acbon 

Predicted Peak Concentrahons pg/F 

PCE II 10 15 7E-02 

1 1  DCE 

1 1 1 TCA 

CCI, 

Carcmogemc fisk" 

Resident 1 2E-05 

Worker 9 2E 12 

11 Noncarcmogemc Hazard Index" 

' 3 1E-06 

1 OE-01 

7 7E-04 

3 1E 15 

Resident 0 14 2 4E44 

Worker 1 1E-08 2 5E 11 

Alternabve 1 lnsbtubonal Controls mth the French Dram 

Predicted Peak Concentrations pg/Ph 7 
1 1  DCE 

1 1 1 TCA 

CCI, 

2 0  

420 

1 8E-03 

5 2  

0 12 

~~ 

3 1E-02 
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Table 4-1 
(Contmued) 

11 Alternatme 3 Groundwater Pumping and Sod Vapor Extnrcbon mth Thermal Enhanceneat 

Performance Momtonng Locatron 
Altematrve 

Predicted Peak concentrations aglth 

PCE 6 5  3 2E-02 

TCE 820 31 

1 1  DCE 0 22 3 1E.06 

1 1 1 TCA 23 4 8E-02 

cc1, 1 8  7 7E-06 

carcmogeruc hskd 

6 7E-07 12E-08 Resident 

Worker 9 8E 14 1 OE 15 

' Noncarcmogemc Hazard Inde? 

1 Resident 5 6E-03 8 2E-05 

I Worker 5 OE 10 6 5E 12 

~~-~ ~ ~ ~ , PredlCted Peak concentmtloM pg/PL 
, 

PCE 6 5  3 2E-02 ' TCE 820 31 

1 11DCE 0 22 3 1E-06 
, 

Nonuucmogemc Hazard Jndef 

Resldent 5 6E-03 8 2E-05 

Worker 5 OE 10 6 5E 12 . 

11 6 7E-07 I 1 2E-08 
I1 I It Worker N 9 8E 14 I 1 OE 15 
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Table 4-1 
(Contmed) 

Performance Momtonng Lacabon 
r 

Downgra dlent of I upgradlent of 
Alternatwe 

Alternatwe 4 Hot Air h & o n  mth Mecha~caI Muring 

Predicted Peak concentrations pg/t" 

PCE 6 5  3 2E-02 

TCE 820 31 

11 11DCE 0 22 3 1E-06 
I 

1 1 1 TCA 23 4 8E-02 

cc1, 1 8  7 7E-06 

carcmogemc hskd 

1 2E-08 

1 OE 15 

Resident 6 7E-07 

Worker 9 8E 14 

Noncarcmogemc Hazard Indey 

Resident 5 6E-03 8 2E-05 

Worker 5 OE 10 6 5E 12 

Alterrutwe 5 Sod Excavatron mth Gmundwa@ Pump- 

Predicted Peak concentrations pg/P4 

PCE 6 5  

TCE 820 

3 2E-02 

31 

3 1E-06 

4 8E-02 

7 7E-06 

Resident 6 7E47 1 2E48 

1 OE 15 Worker 9 8E 14 

Noncarcmogemc Hazard IndeT 

Resident 5 6E-03 8 2E-05 

Actual peak concentrations should be less than modaled concentrattons smce operation of the French Dram was not 

Predicted by groundwater model TARGET-2DU (Dames & Moore 1985) 
PRGs are PCE 5 pg/f TCE 5 pgll 1 1 DCE 7 pg/P 1 1 1 TCA 200 pgll and CCl, 1 ggll 

Acceptable nsk range IS loJ to lod per the NCP 
Hazard mdex greater than 1 indicates a potentd for adverse human health effects 

mcluded m the groundwater model under r e m a o n  acenanos 
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In the comparative analysis, a qd ta twe sensitwity analysls is performed to assess the major 

assumpbons whch mcorrect could signtficantly mpact the results of the detaded analysis of 
the alternatwes 

Th~s secbon documents the detaded analysis of the proposed alternatwes m the followmg 

Altematwe 0 

Alternatwe 1 

Alternatwe 2 

Alternatwe 3 

Alternahve 4 

Alternahve 5 

No AcQon 

Inst~tuhonal Controls with the French Dram 

Groundwater Pumpmg and Sod Vapor Extramon 

Groundwater Pumpmg and Sod Vapor Extramon with Thermal 
Enhancement 

Hot An Injmon with Mechamd Muung 

Sod Excavabon with Groundwater Pumpmg 

4 3 1 Altermove 0. No Amon 

The evaluaQon of the two threshold and five balancmg cntem for Alternatwe 0 No Amon is 

summarrzed m the followmg subsecbons 

4 3 1 1 Overall ProtecQon of Human Health and the Envmnme ng 

The degree of promon for human health and the envmnment is not mcreased from the current 

con&bons under the No Amon Alternatme Smdarly, the exposure potentd is not decreased 

by the altermbve It rehes on natural degradaoon processes such as &spersion volathahon 

and biodegradauon to gradually reduce Contarmnant concentrabons so the tune for the site to 
undergo hll remedztaon by natural degradabon is Micult to p&ct 

Chemical specrfic ARARS are currently not m comphce with the State groundwater standards 
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accorrlmg to groundwater momtomg results Under the No Amon Altemabve the site would 

remam noncompbt with the State s Basic Groundwater Standards (5 CCR 1002 8 3 11 5) 

accorrlmg to modelled condlhons In addlbon the RCRA CAP cntena for controhg 

contammahon is not sabsfied by the altematwe a s  altemabve may provide long term 

effectweness pnmanly because the natural degradabon processes are essentdly mversible 
There are condlbons that can exlst however that allow the byproduct or endproduct of a 

degradabon process to be more hazardous to the envmnment and human health than the on& 

contarmnant In ad&bon con&bons at the site may allow some of the degdabon process to 

reverse or remam m flux 

Groundwater modehg m&cates that the carcmogemc nsk at the downgmhent side of the French 
Dram is below the acceptable nsk range of 104 to 106 The carcmogemc nsk at the alluvium 

of Woman Creek is w i t h  the acceptable nsk range The noncarcmogemc hazard m&es for 

the French Dram and Woman Creek do not m&cate a potentd for adverse effects to human 

health Because the current site condlfions do not change there are no mcreases m potend 

nsks to the pubhc workers or the envmnment under the No Acbon AltemaQve It is assumed 

that current health and safety pracbces wdl contmue to protect workers and vlsitors to the site 

4 3 1 2  Compbce With Amhcab le or Re levant and Appmmte Requmme nQ 

Three types of ARARs chemcal specfic amon spec& and locabon specflc are evaluated 

for each altemabve The followmg m o n s  evaluate the key ARARS specfic to thrs altemabve 

Chemcal S ~ e c  f l C  ARARS 

The results of groundwater momtomg from 1989 1994 m&cate that the State Basic Standards 

for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1 Specfic 

chemical concentmbons whch exceed standards are CCl, 1 2 DCA 1 1 DCE 1 2 DCE(cis) 

DCE 1 1 1 TCA andTCE 
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Review of the groundwater modehg results of the chemicals present beneath OU 1 from 1969 

to 2029 and the hydmgeologcal con&bons m&cate that the peak concentrabons of 
contarmnants probably would not comply with the State Basic Standards for Groundwater at the 
French D m  Peak concentrabons of contammants at Woman Creek except for TCE 
probably would comply with the State Basic Standards for Groundwater Results of the 
modehg also m&cate that the concentrabons of TCE at the French D m  may exceed the State 

Groundwater Standards beyond the year 2029 the h u t  of the groundwater model The results 

of the model reflect the hgh solubhty of TCE m water and a steady state modelled flow of 

groundwater con&bons Assumpbons of the model mclude a contmuous source of groundwater 

contarmnafion without the French Dram operatmg nor mplementabon of any other remednbon 

technology Explanabon of the model and further &scussions of the results of modehg are m 
Appenduc B 

' 0 

Amon Specfie ARARs 

Smce contammants would be left m place at the IHSSs at OU 1, a plan to momtor contammants 

would be requved at the tune of closure A RCRA performance momtoring system would be 
mplemented with ths dternabve for 30 years or more Momtonng of the orgmc and morgmc 
consbtuents would be conducted m accordance with Subpart F of the State RCRA regulahons 

(6 CCR 1007 3 264 93 264 98) Momtomg would be conducted untd it is determmed that the 

contammants are m comphce with the State Basic Standards for Groundwater (5 CCR 1002 8 

3 11 5) The state groundwater standards for the contammnts are selected for momtomg smce 

the RCRA regulabons do not have promon standards for the contammnts except for 

selemum 

Correctwe acbon would only be momtoring for as long as necessary to acheve the state 

groundwater standards at the selected pomt of comphce Mamtenance and momtomg of 

consbtuents would be requved to be conducted for more than 30 years based on modehg 

results The performance momtonng system would operate una  there is no exceedances of 

groundwater standards for three consecubve years The post closure penod would be 
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detemed by the tune it takes for natuml degradaaon and Qspersion of contamrnants 
Implementabon of thls altemabve would requne a detemma0on by CDPHE that the correctwe 

acbon is protectwe of human health and the envmnment Such a detemmahon is not hkely 

smce tlus alternatwe would not meet RAOs In addmon a pornt of comphce for the 

performance moxutomg systems would need to be selected to demonstrate compbce with the 

RCRA correctwe acbon quuements and the ground water protecQon standard (Subpart p) 

@ 
I 

There would not be any an emssions assocmted with thw altemabve therefore the RCRA and 

am polluuon control program regulauons are not ARARs 

Altematwe 0 would comply with the laws and regulaaons specfic to wetlands and threatened 

and endangered or species of spec4 concern When the French Dmn is decomrmssioned the 

wetland and npanan habitat may temporady decrease m slze The antmpated long term effect 

IS a net gam m wetland acreage The CDOW wdl be consulted for advice on mbgaQon 
measures to lessen the effects of the French D m  decomrmssiomg 

@ 

4 3 1 3  Long Term Effecb veness and Permanence 

The No Acoon Alternatwe mvolves groundwater momtomg for 30 years Tlus altematwe 

should not provide ad&honal protecbon for human health the envmnment and ecologml 

receptors because opembon of the French Dmn whch cumntly appears to be effectwe m 
captumg contammated groundwater would be Qscontmued under thls altemabve 

a 

Groundwater modehg mQcates that the No Actton Alternatwe s carcmogexuc nsks at the 

French D m  and Woman Creek are withm or below the acceptable nsk range of 104 to 106 

The noncarcmogemc hazard mQces for the French Dram and Woman Creek do not m&cate a 
potend for adverse effects to human health 
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The altematwe does not address treatment of the source nor does it control the source The 
French D m  would not be operat~onal and there is a possibihty that contammated groundwater 

may mgmte from OU 1 Five year reviews would be requved to d e t e m e  the effectweness 

of thts altematwe until the contamnant concentrabons are consistently below the PRGs and the 
agencies agree that the site is not a cause for concern 

4 3 1 4 Reduchon of Tomcitv. Mobhty. o r Volume ThmuFh Treatme nt 

The No Actron Aternatwe wdl not sat~sfy the NCP preference for treatment as a pmcipal 

element of an altematwe It does not treat groundwater and subsurface sod nor does it control 

the pmary cuntarmnant source Smdarly no wastes are created as a mult of thls alternatwe 

except for wastes created dunng well mstallabon such as decontatnmabon water and drill 

cuttlngs 

The No Actron Aternatwe reduces the tomcity mobhty, or volume of contarmnants only 
through natural degradatwe processes such as v o l a b b o n  The remedmon tune for natural 
depdabon may be long even with low mtd contarmnant concentrabons however it is assumed 

for thls altername that groundwater momtomg wdl be requued for at least 30 years 

4 3 1 5 Short Term EtTectwenesS 

The No Amon Altematwe does not offer any ad&Qonal protecbon for human health and the 
envmnment Because no rem& amons are mplemented there are no ad&Qonal short term 

nsks to the local commumty workers ec01og1ca.l receptors or the envmnment Exlstmg health 

and safety procedures at the site are assumed to offer effectme p romon  for workers and 
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visitors Adherence to appropmte health and safety measures wdl be requlred for as long as 

momtormg actwibes are contmued at OU 1 

4 3 1 6 ImdementabdIty 

The No Actson Alternatwe is easdy mplemented because its only component is long term 

groundwater momtomg and the mstaUabon of a performance momtomg system It should not 

be lmited by the avadabhty of services and matenals nor are there any si@imt techn~cal or 
admmstratwe WiculQes assocmted with thls dtematwe 

Normally natural degradatwe p m s e s  are meversible and result m compounds that are less 

hazardous than the onpal compounds There are wndbons that can extst, however that allow 
the byproduct or endproduct of a degradatwe process to be more hazardous to the enmnment 
and human health than the onpal contammint In a&bon condhons at the site may allow 

some of the degradatwe process to reverse or remam m flux 

4 3 1 7  

Capital costs asSOcmted with the No Amon Altematwe mclude the compl&on of four 

groundwater momtormg wells and post closure costs consist of groundwater momtomg for 30 

years There are no O M  costs anbcipated for h s  alternatwe Total capital cost of th~s 
alternatwe is $63 800 and the post closure expendtures total $1 740 400 The total cost for 

trois alternatwe is $1,804 200 A detaded cost estmate is mcluded m Appenh A 

4 3 2  Alternab ve 1. Insbtut~onal Co ntrols w ith the French Dram 

The evaluahon of the two threshold and five balancmg cntem for Alternatwe 1 Insbtubonal 

Controls with the French Dram is summanzed rn the followmg subsectrons 
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4 3 2 1 Overall Protemon of Human Health and the Envmnment 

Altername 1 wdl be protectwe of human health and the envmnment assummg that the 

mst~tut~onal controls are properly mplemented the French D m  and Bulzdrng 891 water 
treattnent system contmue operabon and the site IS not abandoned dumg the msutubonal control 

penod The potentd for exposure is reduced by removmg contammated groundwater at the 
French Dram Other mstItutIonal controls may mclude mtnctIons on well construmon well 
rnstallabon mnmg, and property transfers 

The French Dmn would capture con- groundwater for treatment thereby preventmg 

potentd downgmhent mgrabon of contammints The altematwe does not mvolve sigmfkant 

d~sturbance of the site so short term nsks wdl be mrmmlzed for workers and the envmnment 

It is assumed that standard health and safety procedures wdl be sufficient to protect on site 

workers and visitors Comphce with achon specfic ARARs can be acheved with thls 
altemtwe as the area of disturbance is mlmmal for decomrmssiomg the French Dmn 

Chermcalspecfic ARARs can be met usrng the French and mst~tut~onal contmls 
e 

Modelmg mdIcates that State groundwater standards (the PRGs) would be met with the possible 

excepbon of TCE at Woman Creek and the French Dram Natural degradabon is expected to 

be a factor ~fl long term effectwenas and comphce with the ARARS because of the low 
contammant ConcentraOons at IHSS 119 1 The lnst~tu~onal controls also a factor m 
determmg the long term effmveness of h s  altematwe 

Aternatwe 1 meets the RCRA CAP cntem for a m g  groundwater cleanup standards for all  

of the contarmnants with the possible excepbon of TCE TCE concentrahons at the French 

Dram do not meet the groundwater PRGs dunng the modelmg tune frame and may not meet 

them untd the source of contammaaton is depleted 

Carcmogexuc nsks at the French D m  and Woman Creek are below the acceptable range of 104 

to lo4 The noncarcmogentc hazard mdzes for the French Dram and Woman Creek do not a 
OU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 4 27 



mdlcate a p0tent.d for adverse effects to human health ' a  
In Alternatwe 1 DNAPL contamllliibon is controlled by passive contamment and collechon of 

groundwater rather than actsve remedmtmn "Ins type of acuon is usually well suited to sites 

such as OU 1 that have low aquIfer transmsivity low projected groundwater use and low 
mtml contarmnant concentrabons 

Reduchon m contamrnant concentmhons at the pmary contamrnant source and m groundwater 

should occur over tune The actual mmedmbon tune is dependent on the l-ons and volumes 

of the DNAPL contarmnatton whch are not certam at h s  tune Therefore groundwater 

momtomg wrll be used to &termme when the pnmary contamrnant source 1s no longer 

considered an issue 

4 3 2 2  Comphce With A-cab le or Relevant and Ammmte Reciummena 

Three types of ARARs chemcal specdic actson specdic, and loafion specdic, were evaluated 

for thts altematme The followmg m o n s  dlscuss the key ARARs specfic to thu alternatwe 

Chemical Sped 1c AwuQ 

The results of groundwater momtomg from 1989 1994 m&cate that the State Basic Standards 

for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded at OU 1 contarmnants whch 

exceed the standards are PCE TCE, 1 1 DCE 1 2 DCA 1 2 DCE(cis) CCI,, and 1 1 1 TCA 

ConcentraQons at the French Dram and Woman Creek were modeled to determme If Alternatwe 

1 would comply with the ARARs Review of the groundwater modehg results from 1969 2029 

mdlcates that m all probabhty the concentrabons of contammints wlll be reduced to below the 

I Basic Standards for Groundwater (5 CCR 1002 8 3 11 5) 
TCE CCl, DCE 1 1 DCE and 1 1 1 TCA would comply 

bv the vear 2010 at the Woman Creek locabon In 
d d e 

Accordmg to the modehg results 
with the state groundwater standards 

addlbon the orgamc contamlnant 
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concentrabons would lrkely comply with the State Basic Standards for Groundwater at the 

French Dram Although the peak concentrahons of TCE remam above the TCE groundwater 

standard accordmg to the modehg results the model conservatwely assumes an d m t e  source 
Peak concentrabons of TCE would m all probabhty be collected by the French Dram and 

treatment system and be reduced with tune to below the groundwater standard Assumpbons 

of the model and discussion of results are m A p p e n h  B 

Action Specific ARAlQ 

The French Dram wdl collect contammated groundwater for treatment for as long as is necessary 

to consistently acheve the State groundwater standards However, some contammabon may be 

left due to the uncertamty of the loahon and volume of the contammnts the spom&c nature 

of groundwater movement and the clrmahc con&hons at OU 1 

Comphce with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program is requrred 

at OU 1 Smce some contammants would be left m place, a plan to momtor contammnts would 

be requrred at the tune of closure A RCRA performance momtomg system would be 
implemented with h s  alternabve for as long as is necessary to demonstrate comphce with the 

state groundwater standards at the selected pomt of comphce Momtomg of the orgmc and 

inorgmc consbtuents would be conducted m accordance with Subpart F of the State RCRA 

regulabons (6 CCR 1007 3 264 93 264 98) A post closure penod of 30 years would be 

imtmted with CDPHE The State Basic Standards for Groundwater (5 CCR 1002 8 3 11 5) are 

identdkd as the momtomg levels smce the RCRA regulahons do not have the orgmc 

contaminants hsted m the groundwater prote&on standards of 40 CFR 264 94 

Correchve acbon would be conducted as long as necessary to acheve the state groundwater 

standards at the selected pomt of comphce Miuntenance and momtomg of constttuents is 

requrred untd the performance momtomg system m&cates no exceedanax of the groundwater 

standards for three consecubve years The penod to acheve comphce depends on the 

effecbveness of the water treatment system as well as ~ t ~ d  degradabon Implementahon of 
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this alternatwe would requm a d e t e m h o n  by CDPHE that the c o m v e  achon is protectwe 

of human health and the enwonment In ad&bon a pomt of compbce for the performance 
momtomg system would need to be selected to demonstrate comphce with the RCRA 
correctwe achon requmments and the groundwater prote&on standard (Subpart F) 

Other achon p f i c  ARARS such as the Colorado Water Quality Control Act effluent 

htabons for the water treatment system would be comphed with dumg operabon of the 

system 

The State w pollubon regulabons and RCRA hazardous w pollutant standards would not be an 

ARAR for thts alternatwe smce there are not technologm or fachtaes whch could be a source 

of emssions 

Alternatwe 1 would undergo a signrficaat Qsrupbon when the French Dram IS scheduled for 

decomrmssionmg Decomrmssioxung the French Dram wdl temporarily Qsturb wetlands and 

n p m  areas around the dram The short tern effect of the decomrmssion may be a loss of 

wetland acreage but the long term effect is expected to be a net gam m wetland acreage 

Miogabon measures wdl be used to m m w e  the mpacts and to comply with regulabons on 

wetland protechon and threatened and endangered or species of specd concern 

4 3 2 3 Long Term Effectrveness and Permane nce 

Under thrs alternatwe the French Dram removes contammated groundwater rmgratmg from 

MSS 119 1 the area south of Buddmg 881 and the western porbon of IHSS 119 2 It is 

expected that natuml degradaoon wdl be a signrficant factor m ensumg long term effectweness 

for thrs alternatwe because of the low contarmnant concentraUons Groundwater momtomg wdl 

be conducted at the site untd the contarmnant concentmhons are consistently below the PRGs 

and the agencies agree that the site is no longer a cause for concern For the purposes of this 
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detaded analys~, the penod for groundwater momtomg IS 30 years Every 5 years a review 
wdl be conducted at the site to determme the alternatwe s effectrveness and degree of 

permanence 

Human health nsks may be reduced at the site by restnctmg access to wells at the site and 

prohbitmg constru&on m the area The altemabve can provide some long term p romon  for 

human health and the envmnment provided the mst~tubonal contsols rem= m place 
Carcmogemc nsks at the French Dmn and Woman Creek are below the acceptable nsk range 

of 104 to lo4 The noncarcmogemc hazard m&ces for the French Dram and Woman Creek do 

not m&cate a potentd for adverse effects to human health 

The French Dram passively collects groundwater rather than actwely remexhtmg the site The 

theory b e h d  the altematwe is that groundwater contamment should adequately protect human 

health and the envmnment The theory is corroborated for the contammints by the groundwater 

model with the possible exceptron of TCE and the human health nsk calcubons The model 

md~cates that groundwater should meet the PRGs for the confarmnants at Woman Creek with the 
possible excepbon of TCE Because of the uncertamty regaxhg the locabon and volume of the 

pnmary contammint source groundwater collaon and treatment should contmue untd the 

groundwater consistently meets the PRGs to mcrease the de- of permanence acheved by the 

alternabve 

Wastes generated as a result of thls altemabve wdl be managed accordrng to apphcable 

regulabons Waste types mclude spent GAC and regenerant solubons from ion-exchange resms 
Regenerant solubon wdl be treated m the Buddmg 891 water treatment system by pH 

neutrdmbon and evaporabon m Buddmg 374 The spent GAC wdl be sent offsite for 

regenemaon There are no si@icant nsks assocmted with handhg the ion exchange rems or 

shppmg the spent GAC 
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4 3 2 4 Redurnon of Tomcitv. Mobhtv. - o r V l m  o u e Throue h T  reatmen t 

Altemahve 1 does not actwely rem- the pnmary source of contammahon However 

opembon of the French Dram wdl reduce the mobhty and volume of contammts m 
groundwater at OU 1 contammnt tox~city wdl be reduced when the groundwater is treated by 

W/Peronde m the Buddmg 891 water treatment system 

The Buddmg 891 treatment system currently operates with hgh removal efficiencies for all of 

the contammints except for CCI, It is expected that the GAC umt from OU 2 wdl be added 

to the Buddmg 891 water treatment system and h s  moddicabon wdl make it possible for the 

system to effmvely treat CCl, Wastes generated from thts altemabve mclude regenerant 

soluhon from ion exchange resms and spent GAC whch is sent offsite for regenerabon The 

regenerant solubon is transferred to the Buddmg 891 water treatment system for pH 

neutralnabon and sent to Buddmg 374 for evaporahon 

e contamrnant removal through groundwater extmmon IS mversible, however contammauon m 
sod at MSS 119 1 may contmue to contammate groundwater through mfiltmhon Degradabon 

and/or removal of the contarmnants should eventually be acheved but may requrre an extended 

perrod of tune 

4 3 2 5 Short Term Effmveness 

Protecbon of human health and the envmnment should not mc- under thts altematme 
because it does not change the processes already m place at the site The components of 

Altemahve 1 mst~tuhonal controls and operabon of the French Dram should not mcur 

addbonal risks to the pubhc on site workers ecolog~cal receptors or the envmnment 

Eustmg safety measures used for permanent workers and visitors should offer effectwe and 

rehble protechon at OU 1 Adherence to appropmte health and safety measures wdl be 
q u m d  for as long as momtomg actwibes are contmued at OU 1 
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The unpact at Woman Creek is mrnunal and does not repment a departure from the current 

impacts under the IM/IRA The groundwater model md~cates that surface water standards for 

Woman Creek should be met for all  of the contammnts with the possible excepfion of TCE 

However nsk based d c u h o n s  m&cate that the mmogemc nsk and nonmmogemc hazard 

are below the acceptable h i t s  

0 

4 3 2 6 &dementabd@ 

Alternatwe 1 should not h u t  the e o n s  for future r e m m o n  d it is deemed necessary It 

is easdy mplemented because the only adhbon to current site con&Uons IS the ImplementaOon 

of mmtubonal controls The benefits of the current operahons should not be sigtllficantly 

mcreased 

The rehbhty of the French Dram and Buddmg 891 water treatment system IS well documented 

m the IM/IRA m r t s  The planned addbon of a GAC umt to the B u W g  891 water treatment 

system to remove CCl, does not present any si@icant Miculbes smce the GAC umt exlsts 

onsite and is readdy avadable Groundwater momtonng wdl contmue unbl the groundwater 

consistently rematns below the PRGs and the agencies agree that the site is no longer a cause 

for concern For the purposes of the d W e d  analysis a 30 year penod of momtormg is 

assumed for the site 

0 

Implementabhty of this alternatwe is not hut.4 by the avadabfity of services and mater& 
assocnted with h s  altemhve Inst~tut~onal controls projxmd under thls alternatwe such as 
deed or well restmhons, could be mplemented with no sigmficant admmstxatme problems 

4 3 2 7  

Capital costs assocnted with Alternabve 1 mclude the mstallabon of four groundwater 

momtonng wells the O&M costs mclude operahon of the Buddmg 891 water treatment system 

for 30 years and the post-closure costs consist groundwater momtonng for 30 years Total a 
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capital cost for ths a l t emve  is $63,800, the total O&M cost is $5,761,200, and the total post 

closure cost 1s $1,740,400 The total cost of ths alternatwe is $7,565 400 A detaded cost 
estmate for thls altematwe is mcluded m Appenb A 

4 3 3 Alternatwe 2. Grou ndwate r PUrnDlng and Sod Vapor Extrac~o n 

The evaluabon of the two threshold and five balancmg cntem for Altemtwe 2 Groundwater 

Pumpmg and Sod Vapor Extramon is summatrzed m the followmg subsecQons 

4 3 3 1 OverallPmtecho n of Human Health and the Bnwonme nt 

Altematme 2 should be protectwe of human health and the envmnment because it extracts and 

r e m h t e s  contammated groundwater and sod vapor The exposure potentd at the site is 

reduced by remedntmg the pnmary contaminant source and reducmg contarmnant concentrahons 

to the PRGs SVE and groundwater extra&on wdl decrease contammant mobhty and volume 

The French D m  wdl capture contammated groundwater and prevent downgmhent rmgrauon 
of contammints for 10 years after rem-on is completed 

0 

The RCRA CAP cntem for controllrng conhumnabon sources should be sahsfied by the 

components of ths altematwe It should also meet the RCRA CAP cntem for attamng cleanup 

standards for all of the contammants except possibly TCE Groundwater modelmg mhcates that 

the contammant concentraUons, except perhaps TCE should be below the PRGs at the 

downgradent side of the French Dmn and the alluvium of Woman Creek 

Woman Creek is an mtemuttent stream whch requires protecuon for ecologd receptors under 

vmous regulatory programs Chermcal specfic AlURs for OU 1 should be met by 

groundwater extracbon and SVE based on results of groundwater momtomg Woman Creek 

surface water standards should be met for human and eco1ogsi.l receptors 

Alternatwe 2 is easrly mplemented because of the avadabhty and mobhty of SVE systems e 
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The degree of permanence depends on the degree to whch the pnmary contammint source is 

remedlilted by the SVE system Fractud bedrock and low aqulfer transmssivity may not be 

amenable to rapid and complete remedmhon of DNAPL sources In ad&hon the locahons of 

DNAPL sources are not wellknown For SVE and groundwater extramon to completely 
remedmte DNAPL the well should be located withm or near the DNAPL source Otherwise 

the extrachon rate depends on the passive parhhomg capabhty of the compound to 

groundwater 

0 

Thls alternahve would remedmte the pnmary contammant source at IHSS 119 1 Carcmogemc 

nsks at the French Dram and Woman Creek are currently below the acceptable nsk range of 104 

to lod therefore mplementahon of thls altemahve should lower the nsk range well below 1 m 
1 OOO OOO Noncmmogemc hazard m&ces for the French Dram and Woman Creek do not 

m&cate a p0kntm.l for adverse effects to human health 

The mplementabon phase of Alternahve 2 should be completed m 4 years dependmg on the sod 

propemes contarmnant concentrahons carbon type and volumes of contammated subsurface 
sod and groundwater Dwrng mplementahon there should be no add~honal short term nsks 

to the publlc P0tentm.l nsks to onsite workers mclude exposure to contammts m 
contammated groundwater and sod vapor and safety hazards assocmted with d d h g  and 

construchon amvihes Wks wdl be mlmmlzed through standard health and safety prachces 

4 3 3 2 ComDhce With qppllcable o r Relevant and Apgropmte Reuumme nts 

Three types of ARARs chemical specfic acbon specfic and locahon specfic are evaluated 

for each alternahve The followmg W o n s  evaluate the key ARARS specfic to this altemahve 

Chemical Specfic ARARs 

The results of groundwater momtonng from 1989 1994 m&cate that the State Basic Standards 

for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1 Specfic 

10 
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chemcal concentmbons whch exceed standards are PCE 1 2 DCA 1 1 DCE 1 2 DCNcis) 

CCl, 1 1 1 TCA and TCE @ 

Orgmc chemical concentrabons have been modeled to reflect remedmbon acbvibes at OU 1 

usrng groundwater momtomg results and the knowledge of hydrogeologcal condtbons The 
results of groundwater modelmg of the chemicals md~cate that Alternatwe 2 would comply with 

Basic Standards for Groundwater 10 years after unplementabon of remednbon assummg the 

French Dmn IS m place The French Dram locabon would acheve the State Basic Standards 

after the loth year with the excepbon of TCE accordrng to the modehg results However the 
steady state model assumes the source of contammatron remams dumg the penod of 

remedmbon contarmnants at the locabon of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after remedmhon Assumpbons of the model and 

results of the model are dtscussed m Appendm B 

AcQon Specs ic ARQRS 

Some contammints would be left m place at the MSSs (other than 119 1) w i t h  OU 1 The 

sources at IHSS 119 would be remednted to reduce contammant concentrabons Collaon of 

the mobde contarmnants m groundwater at the French Dmn and subsequent treatment of 

contamlnants m the water treatment system would contmue for as long as is necessary to acheve 

the State groundwater standards The= is a potentml for some contammnts to be left m place 

at some of the IHSSs smce groundwater movement is Sporadtc and subject to clunatrc condtbons 

Comphce with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA pmgram is q u d  

at OU 1 Comphce with either the RCRA defmbon of pornt of comphce or the State 

groundwater regulatory defmbon wlll depend upon the selecbon of a pornt of comphce 

1ocabonbyEPA CDPHE andDOE 

A plan to momtor contamlnants would be requlred for the post closure penod A RCRA e 
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performance momtormg system would be mplemented with thts altematwe and would probably 

be needed for 10 years after remednbon accordmg to a review of modehg results Momtomg 
of the orgamc and morgamc conshtuents would be conducted rn accordance with Subpart F of 
the State RCRA regukons (6 CCR 1007 3 264 93 264 98) Momtomg would be conducted 

untd it is de temed that the contammants are m compbce with the State Basic Standards for 
Groundwater (5 CCR 1002 8 3 11 5) The state groundwater standards are selected for 

momtomg smce the RCRA mgulabons do not have prot-on standards for the contarmnants 

except for selemum 

0 

Correctwe actson would be conducted as long as necessary to acheve the state groundwater 

standards at the selected pomt of compbce Mamtenance and momtonng of conshtuents is 

requlred to be conducted for 30 years unless the performance momtomg system mhcates no 

exceedances of groundwater standards for three consecutrve years and a shortened penod of tune 

is approved by CDPHE Accordrng to the results of the modehng the tune penod for q u m g  

momtomg could be 10 years after source m m d h o n  however an m a  post closure penod 

of 30 years would be mtmted with CDPHE ImplementaUon of thts alternatrve would requlre 
a determmabon by CDPHE that the c o m v e  acQon is protectwe of human health and the 
envmnment The pomt of comphce for the performance momtomg system would need to 

be selected to demonstrate comphce with the RCRA comxtwe amon requmments and the 

groundwater protecbon standad (Subpart F) 

0 

Other amon specfic ARARS such as the Colorado Water Quality Control Act effluent 

lunitahons for the water treatment system would be comphed with d m g  operahon of the 
system 

The SVE system may be considered to be a temporary RCRA umt because the it treats 

hazardous waste constments Therefore the requmments of Subpart S (6 CCR 1007 3 

Subsectron 264 553) are apphcable In addhon any pre filters HEPA filters and GAC used 

to remove VOCs m the off gas treatment system should comply with the followmg provisions 
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0 IdenMicabon of hazardous waste (Part 261) 

8 An ermssion standards for process vents (Subsecbon 264 1033) 

8 An emssion standards for equipment leaks (Subsmons 264 1052 264 1054 and 
264 1057) 

0 Land &sposal restnmons (Part 268) 

It is anbcipated that the operabon and mobdmiboddemobdmibon of the SVE treatment umt and 

treatment residuals should comply with the apphcable requmments of RCRA and CHWA 

The Colorado Sohd Waste Regulabons (6 CCR 1007 2) are an ARAR for dlsposal of any 
residual mateds that are not hazardous waste If sohd waste Qsposal is necessary it should 

be m accordance with the regukmons 

Installabon of adhbonal exhamon and momtonag wells should be m accofdance with the 

Colorado Water Well and Pump Installabon Regulabons (2 CCR 402 2) 

Alternahve 2 should comply with laws and regulahons re-g wetlands and threatened and 

endangered or specd concern species There may be a short term mpact to wetlands from 
decommissiomg the French Dmn but the anhcipated long term effect is an mcrease m wetland 

areas mbgabon measures wdl be used to mlnlmlze effects of the dternatwe on wetland habitat 

m and near OU 1 The CDOW wdl be consulted pnor to hturbmg wetland habitat to 

mplement adequate mibgabon measures for protecbon of Preble s meadow jumpmg mouse 

4 3 3 3 Long Term Effechveness and Permanence 

The pmary contamllliint source at MSS 119 1 should be remethated under Altembve 2 The 

French D m  wdl contmue to capture any contammated groundwater still mgratmg from IHSS 
119 1 after the SVE umt is removed Groundwater modelmg mdxates that the groundwater 
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should acheve the State groundwater standards after 10 years However the French Dmn 
would operate untd the groundwater meets PRGs Natural degradahon m adhbon to the SVE 

utut wdl be a factor 111 ensunng long term effmveness A 5 year review of the site is requued 
to determme d the most effecbve remedy is stdl bemg used at OU 1 

I 

In general SVE and groundwater extracuon are proven technologes for remedmtmg 

contammated sites However the degree of permanence after remednbon wdl depend on the 

extent of DNAPL contamuraton outside of MSS 119 1 The geology of OU 1 may not be 
amenable to rapid and complete remedmhon of DNAPL contammabon The sod has a low 

permeabhty and may develop preferentnl vapor channelmg or short cmuitmg A cap such as 

a geotextde fabnc wdl be placed around each SVE well to mmmuze the tendency for short 

cmuitmg The locabon of DNAPL at the site 1s sttll uncertam and, to ensure complete 

remednhon the SVE and groundwater wells should be located withm or near the source 
Otherwise the extracbon rate wdl strictly depend on the Contamrnant s parhhon coefficient 

@ Altername 2 should provide long term promon for p0tent.d human receptors by m m m n g  
the human health nsk assomted with contammated groundwater The calculated carcfflogemc 

nsks for the French Dram and Woman Creek are below the acceptable nsk range of 104 to 106 

Noncarcmogemc hazard m&es for the French Dram and Woman Creek do not mdmte a 

potentd for adverse effects to human health 

4 3 3 4 Reduaon of Toucity. Mobhe. o r Volume -ugh Treatme nt 

Alternatwe 2 sat&ies the NCP preference for treatment as a pnnclpal element of an alternatwe 

Groundwater extracbon and SVE should reduce the volume and mobhty of contarmnants m 
groundwater and the unsaturated zone respectwely Groundwater extracbon and SVE wdl 

reduce the volume by physically removmg the contammants Removmg the contarmnants wdl 

also reduce theu mobhty by preventmg potentnl mgmbon 

Extmcted groundwater wdl be treated m the Buddmg 891 water treatment system usmg W/ e 
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H 2 4  and ion exchange processes W/H202 is a destructwe treatment process and wdl decrease 

the contammint tomcity Dumg ion-exchange rem regenerabon, the toncity wdl be decreased 

because the regenerant wdl be treated to destroy the contarmnants contammant toncity wdl also 

be reduced as the GAC from the SVE process is regenerated offsite 

Wastes generated as a result of thx altematwe wdl be managed accordmg to apphcable 

regulahons Types of wastes mclude spent GAC from the off gas treatment system and Buddmg 

891 water treatment system hquid from the SVE vapodhquid sepmtor regenerant solubon 

from ion exchange r e m s  m the Buddmg 891 water treatment system and wastes assocrated with 

well mstallaQon such as drdl cuttmgs and decontammabon water The spent GAC wdl be 

shpped offsite for regenerabon and regenerant soluhon wdl be sent to Buddmg 374 for 

evaporaOon The decontammbon water and hquid from the SVE hquidvapor separator wdl 

be sent through the Buddmg 891 water treatment system There are no sigmficant human health 

or envmnmental nsks assoc~ted with handhg the ion exchange rems and shppmg the spent 

GAC 

4 3 3 5 Short Term Effectweness 
e 

Short term effectveness wdl be acheved through the SVE and groundwater extm&on system 

opemuons Potentd short term mpacts on the envmnment mclude m o r  dsturbances to 

subsurface sod and dsplacement or loss of vegetabon dumg well mstallabon actwihes The 

decommission of the French Dram may tempody decrease wetland acreage but it is expected 

that the long term effect wdl be an mc~ease m the number of wetland acres 

Short term nsks to the pubhc are m a l  for Alternatwe 2 asks to workers dumg 

remedmhon mclude p0tentm.l exposures to contammts m extracted groundwater or sod vapor 

and safety hazards assocnted with drdhng and other construmon actmOes R&s to workers 

will be m m l z e d  through standard constru&on health and safety procedures 
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4 3 3 6 Imdementabhty 

Altemahve 2 is easdy unplementa because SVE and groundwater extmchon are commonly used 

technologes that do not requve umque or unusual equipment The mplementabhty of thrs 

alternahve should not be hited by the avadabhty of services and matemls nor should there 

be sigmfkant admmstmhve ddEculhes The combmahon of low contarmnant concentrahons 

and sod permeabhty may make it more dxffbdt to unplement the altematwe An SVE 
Wtabhty study at OU 2 has been &scontmued with a recommendahon to not use SVE at the 
Slte 

The abhty to perform future =medal amons rf any should not be h t e d  by usmg SVE and 

groundwater extrachon A performance momtomg program wdl momtor the concentrahon of 

contammints for 13 years or more after complmon of SVE Vapor and rad1010g1ca.l momtomg 

progmns wdl be mplemented dumg construmon and remednhon 

Vapor extmcbon wells can be mstalled usmg standad dnllylg techmques and construmon 
mateds Operabon of the SVE system should not requve hghly spec- personnel or 

t m m g  A vapor momtomg program wrll be conducted at portals near the wells and the GAC 
umts to determme the SVE system s efficiency and appromate replacement rates for the GAC 

4 3 3 7  Q&t 

Costs for Altemahve 2 mclude costs of the followmg items 

Sod gas survey (appromately 100 probes) 
Three groundwater extramon wells (6 mch h e t e r  20 foot depth) 
36 vapor extramon wells (4 mch h e t e r  20 foot depth) 
Three vapor extrachon systems with blowers and filters 
Amvated carbon adsorphon system (2 vessels contamng 1 500 pounds each) 
Assocmted pipmg pumps and mstnrmentahon 
Four groundwater momtomg wells (6-mch M e t e r  20 foot depth) 
Operahon of the buddmg 891 water treatment system 
Groundwater momtomg 
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The total capital cost for Altemhve 2 is $925 600 The total O&M cost is $5 287 700 

assumrng operahon of the Bddmg 891 treatment system dunng the four year SVE txeatment 

penod and 10 years followmg completron of SVE The total post closure cost of ths alternatwe 

is $833 300 mcludmg groundwater momtonng for 13 years followmg complehon of remednhon 
The total cost of thts altematwe is $7 046 600 A d W e d  cost estmate is mcluded m Appenb 

A 

4 3 4  Alterna five3 G roundwate r PumDltlg - an d Sod VaDor Extractlo n with Thermal 
cement 

The evaluabon of the two threshold and five balancmg cntem for Altematwe 3 Groundwater 

Purnpmg and Sod Vapor Extrac&on with Thermal Euhancement is summanzed m the followmg 

sechons 

4 3 4 1 Overall Promon of Human Health and the Envmnmen t 

0 Alternatwe 3 protects human health and the envmnment by removmg DNAPLS from 

groundwater and remedmtmg the subsurface sod m situ The potenttal for exposure is reduced 

by Rrneclmtmg the primary mntammint source and reducmg contammint concentrahons m 
groundwater to the PRGs SVE and groundwater extractlon wlll reduce contammint mobhty 

and volume 

The RCRA CAP c n t e ~  for controhg con-on sources wdl be sat~sfied by the 

components of &IS alternatwe It wdl also meet the RCRA CAP cntem for attamng cleanup 

standards for all of the contammints except possibly TCE Groundwater modelmg m&cates 

that the peak contammant concentrahons except perhaps TCE would acheve PRGs at Woman 
Creek Peak PCE TCE and CCl, concentrahons are above the PRGs at the French D m  but 

the groundwater model does not account for the operahon of the French Dram after the 

altemtwe is lmplemented The French Dram should stdl be collectmg groundwater at the tune 

of the peak concentmhons 
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Chemcal specrfic ARARS should be met by usrng SVE and groundwater extramon 10 years 
after mplementabon of these technologes Woman Creek is an rnterrmttent stream whch is a 

concern to the ecologd receptors Surface water standanis estabhshed for ecobg~cal receptors 
should be met at Woman Creek 

0 

Protecbon of human health and the envmnment wdl be acheved by removal of the source to 

the extent pracbcable The removal after remedmbon wdl depend on the locabon of the source 

of contammfion For SVE and groundwater extracbon to completely remedmte DNAPL 

sources the wells must be located near or m the DNAPL source Otherwise the extracfion rate 
depends on the passive part&omg capabhty of the compound The geology of OU 1 may also 

not be amenable to rapid and complete remedmbon of DNAPL contammabon Factors that can 

be controlled such as groundwater and vapor extramon rates wdl be optrrmzed to rncrease the 

degree of remednuon possible at the site 

Groundwater should be protected downgrahent of and witlun the OU 1 boundanes The French 

D m  wdl capture groundwater for at least 10 years followrng complefion of remedmbon before 
bemg decomrmssioned Because models are based on assumpfions about a site groundwater 

momtormg wdl be performed for an add1bonal3 years to ensure that contammint wncentrabons 

remam consistently below the PRGs 

RF heatmg may have an adverse effect on the subsurface sod due to the hgh temperatures 

requmd by the m situ process W e  the elevated temperatures wdl mcrease the removal 

efficiency of the contammants some subsurface and surface biota may not be able to withstand 

the sustamed hgh temperatures It is expected that the majonty of biota wdl be able to 

repopulate itself withm a reasonable amount of tune 

Alternabve 3 can perhaps be mplemented with few admmstratwe mculfies because SVE and 
groundwater extracbon are well known processes with documented performances However 

an SVE heatabhty study at OU2 has been Qsmntmued because of low contammant 

concentrabons at the site RF heatmg is an movabve technology whch could cause some a 
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hslocabon of fauna and destructton of flora The areas cumntly targeted for tlus technology 
are a dlstance from the npanan habitat of Preble s meadow jumpmg mouse 1 

Because Altername 3 should remedmte the pnmary contammint source at IHSS 119 1 modehg 
shows that the mmogeruc nsks at the French D m  and Woman Creek should be below the 

acceptable nsk range of 104 to 106 The noncarclllogemc hazards assmated with thu 

altematxve at the French Dram and Woman Creek do not mdcate a p0tentm.l for adverse effects 

to human health 

The unplementatxon of SVE with thermal enhancement should be completed w i t h  3 years 

Dunng mplementaQon there are no unacceptable short term nsks to the pubhc although there 

may be some nsks to flora and fauna at the site There may also be potentml rnsks to on site 

workers from exposure to contammated water or sod vapor m addrtron to safety hazards 

assoclilted with d d h g  constructton actwibes, and Vratmg the RF heatmg elements msks 

will be mumuzed through standard health and safety pract~ces 

4 3 4 2  Comphce With Amhcab le or Relevant and ADDmpmte Reaulrements 

Three types of ARARs chemcal specfic actxon spec& and loahon spec& are evaluated 

for each alte-ve The followmg sectxons evaluate the key ARARs speclfic to ttm altematwe 

Chemical S-mfic ARARs 

The results of groundwater moxutonng from 1989 1994 mhcate that the State Basic Standads 

for Groundwater (5 CCR 1002 8,3 11 5) are currently exceeded beneath OU 1 Specfic 

chemical mncentraUons whch exceed standards are PCE 1 2 DCA 1 1 DCE 1 2 DCE(cis) 

CCl, 1 1 1 TCA and TCE 

Orgmc chemcal concentratxons have been modeled to reflect remedntson actxvitxes at OU 1 

usmg groundwater morutonng results and the knowledge of hydmgeologmd condltxons The 
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results of groundwater modehg of the chemicals mhcate that Altemabve 3 would comply with 

Basic Standards for Groundwater 10 years after unplementahon of remedmbon assummg the 

French Dram is m place The French Dram loahon would acheve the State Basic Standards 

after the loth year with the excepbon of TCE accordmg to the modelmg results However the 

steady state model assumes the source of contammabon remams dumg the penod of 

remednbon contammints at the locabon of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after remehbon Assumpbons of the model and 

results of the model are &scussed m Appendm B 

@ 

Acbon SDecfic ARARs 

The acbon specfic ARARS assmated with Altemabve 3 am the same as presented m Altemabve 

2 Compbce with RCRA requmments for identdkabon storage and &sposal of hazardous 

waste and orgmc m ermssions and leaks should be acheved Compbce with other amon 

specfic ARARS is anbcipated to be smllar to the comphce Qscussed under Altematwe 2 

I 

Some contammints would be left m place at the IHSSs (other than 119 1) withm OU 1 The 
a 

sources at IHSS 119 would be remednted to reduce contammint concentrabons Coll-on of 

the mobde contarmnants m groundwater at the French Dram and subsequent treatment of 

contammints m the water treatment system would contrnue for as long as is necessary to acheve 

the State groundwater standards There is a potentd for some contammints to be left m place 

at some of the IHSSs smce groundwater movement is s p o d c  and subject to c h a h c  con&bons 

Compbce with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program is requlred 

at OU 1 Comphce with either the RCRA defmbon of pomt of comphce or the State 

groundwater regulatory defmbon wdl depend upon the selmon of a pomt of comphce 

locahon by EPA CDPHE and DOE 

A plan to momtor contammants would be requlred for the post closure penod A RCRA e 
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performance momtomg system would be lmplemented with this altemabve and would probably 

be needed for 10 years after remedmbon based on modelmg results Morutomg of the orgwc 

ConsWuents would be conducted m accordance with Subpart F of the State RCRA regulabons 

(6 CCR 1007 3 264 93 264 98) Momtomg would be conducted untd it is determmed that the 

contarmnants are m complmce with the State Basic Standards for Groundwater (5 CCR 1002 8 

3 11 5) The state groundwater standards are selected for momtomg smce the RCRA 

regulations do not have p romon  standards for the contammints except for selemum 

Corrective amon would be conducted as long as necessary to acheve the state groundwater 

standards at the selected pomt of complmce Mamtenance and momtomg of conshtuents is 

q u m d  to be conducted for 30 years unless the perfomance momtonng system mhcates no 
exceedances of groundwater standards for three consecubve years and a shortened penod of tune 

is approved by CDPHE Accordrng to the results of the modehug the tune penod for requmg 

momtonng could be 10 years after source remedmbon however an mtd post-closure penod 

of 30 years would be mated with CDPHE Implementahon of h s  alternatwe would requve 

a determmhon by CDPHE that the correctwe aaon  is p w v e  of human health and the 
envmnment The pomt of comphce for the performance momtomg system would need to 

be selected to demonstrate complmce with the RCRA correctwe amon requvements and the 

groundwater promon standard (Subpart €7) 

@ 

Other amon specfiic ARARS, such as the Colorado Water Quality Control Act effluent 

hitabons for the water treatment system would be comphed with dumg operahon of the 

system 

1 

Assumlng adhbonal extramon wells are placed away from the French D m  and Pond C 1 

destrucbon of npanan vegetabon and fauna dumg thermal enhancement should be rmnunal 

Complmce with DOE wetland protmon regulabons and the State s law concemmg non game 
species should be acheved If thls altemabve is mplemented Should it be necessary n p m  e 
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habitat wdl be replaced If it is destroyed by RF heatmg 

Impacts from decommissiomng the French Dram may result m a short term loss of wetlands 

However it is antmpated that the net effect of the deconmussiomng should be a long term gam 
in wetland acreage 

4 3 4 3  LongTermEffa veness and Permanence 

Altematwe 3 should r e m b t e  the pnmary contarmnant source at IHSS 119 1 The French 
Dmn and extramon wells will extract contammated groundwater for 10 years after 

Implementahon of the SVE and RF heatmg Because models are based on assuqons about 

a site an add~t~onal 3 years of groundwater momtomg wdl be used to ensure long term 
effectweness It is assumed that the low mtml contarmnant concentrabons wdl be a factor m 
ensumg long term effectwenem A 5 year review of the site wdl be conducted to d e t e m e  

the effectveness of the alternabve 

Alternatwe 3 may provide a hgh degree of permanence because thermal enhanced SVE should 
0 

remove more residual contarmnants trapped withm the subsurface sod at OU 1 than normal SVE 
operabon However the d e w  of permanence after =-on wdl depend on the exact 

locabon of the source of contammnts The locahons of DNAPL are not well-defmed and for 
SVE and groundwater extmmon to completely r e m a t e  a ate the wells must be located near 

or m the DNAPL Otherwise the process depends on the passive mbonmg capabhty of the 

contamlnant In a&bon the geology of OU 1 may not be amenable to rapid and complete 

remedmuon of DNAPL contammaUon The sod has a low permeabhty and may develop 

preferentd vapor channehg or short cmuitmg To rmfllf~llze the tendency for short cucuitmg 

a cap such as a geotexble fabnc wdl be placed around each SVE well 

Long term p romon  for human and ecological receptors should begm shortly after the 

alternatwe is mplemented The calculated carcmogemc nsks at the French Dram and Woman 

Creek after unplementabon of th~s alternatwe am below the acceptable nsk range of 104 to 10 a 
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The noncarcmogemc hazards assocu&d with this altematwe at the French Dram and Woman 

Creek do not mcate  a potentml for adverse effects to human health A 5 year review wlll be 

conducted to determme the contmued eff-veness of this alternatwe 

0 

Wastes generated as a result of this altematme wdl be managed m comphnce with apphcable 

regulabons The wastes mclude hquid from the SVE hquidvapor separator spent GAC from 

the off gas treatment system and Buddmg 891 water treatment system, regenerants soluhon from 

ion exchange resms m the Buddmg 891 water treatment system and wastes assocWed with well 
mstallabons such as drill cuttmgs and dmntammabon water The SVE hquidvapor separator 

waste and the dmntammahon water can be sent to Buddmg 891 The regenerant solutron from 

the ion exchange resms wlll be pH neutralmd and sent to Buddmg 374 for evaporaQon The 

spent GAC will be sent offsite for regenerahon There are no signrficant nsks assocnted with 

handhg the resms or shppmg the spent GAC 

4 3 4 4 Reductlo n of Tomcity. Mobhtv. or Volume Tbroug h Tmitme nt 

Altemahve 3 sahsfies the NCP preference for treatment as a pmcipal element of the alternatwe a 
The volume and mobfity of the DNAPLs are reduced through groundwater extrachon and 

thermally enhanced SVE Physically removing the contarmnants wdl reduce then mobhty by 

preventmg adhhonal mgmbon 

Extracted groundwater and waste from the SVE hquidvapr separator wdl be treated at Buddmg 

891 by W/Peroude and ion-exchange processes UV/H,O, is a destructwe water treatment 
process and results 111 decreased tomcity Spent GAC from the SVE off gas treatment system 

wlll be regenerated offsite resultmg m an addu0na.l redurnon 111 tomcity 

Contammated matenals generated as a result of h s  altematwe mclude GAG from the off gas 
treatment system and Buddmg 891 water treatment system, hquid from the SVE hquidvapor 
separator regenerants solutron from ion-exchange mms m the Buddmg 891 water treatment 

system and wastes assocnted with well lnstallatlon such as drill cuttmgs and demntammahon a 
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water The regenerants soluQon from ion exchange rems wdl be pH neutrabzed and sent to 

Buddmg 374 for evaporabon The hquid from the SVE separator and decontammabon water 

wdl be sent to Buddmg 891 for treatment The spent GAC wdl be shpped offsite for treatment 

There are no si&icant nsks assocnted with h a n h g  the regenerant solubon or shppmg the 
spent GAC 

a 

4 3 4 5 Short Term Effectveneq 

Protmon of human health and the envmnment should begm shortly after unplementmg 

Altematwe 3 Potentd short term mpacts on the envmnment mclude dlsturbance to the 

subsurface sod and dlsplacement or loss of vegetabon dunng construmon amvibes The RF 

heatmg may adversely affect some subsurface biota due to hgh sod temperatures but it is 

anbcipated that the biota wdl repopulate withm a reasonable amount of tune Decomrmssionmg 

the French D m  may result m a short term loss of wetlands but it is ant~cipated that the net 

effect of the dmmmmion should be a gam m wetland acreage 

Potentd short term unpacts to the publlc are mlnlmal under Altemabve 3 Potentd nsks to 
e 

workers dumg remedmbon amvibes mclude exposure to contamman&, m extracted groundwater 

or sod vapor There may be safety hazards assoclilfed with d d h g  and other construcbon 

acbvibes as well as with the operabon of the RF heatmg devices Rsks to workers wdl be 
mumuzed through standard health and safety pract~ces 

4 3 4 6  

Altemabve 3 can be muhly unplemented SVE and groundwater extracbon are proven and 

commonly used technologes that do not requm utllque or unusual equipment Although RF 
heatmg is a less common vambon of the SVE process it is available through specdmd 

vendors The mplementablllty of Altematme 3 should not be h t e d  by the availablllty of 

services and matenals nor should there be si@icant admmstrabve Miculbes Because of the 

low sod permeabhty and contarmnant concentrabons there may be techcal Miculbes m 
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implementmg a SVE system A tmtabhty study at OU 2 m&cated that SVE was not a good 
optton for that site 

The abhty to conduct future remedud a&ons If necessary should not be bited by 

implementahon of thermally enhanced SVE and groundwater extramon Groundwater 

momtormg wdl track potend movement of wntamrnants for at least 13 years Vapor and 

ra&ologd momtormg wdl be conducted dumg the constructton and remedntton 

Vapor extramon wells wdl be mstalled usmg standard dtrllrng techmques and construmon 

mater& Operatton of the basic SVE system should not requue hghly spec- personnel 

or tramng however opemon of the RF heatmg antennae may requve specml tmnmg or 

assistance from the vendor The RF antennae can be mstalled m one or more of the vapor 

extractton wells and moved from one well to another as requued by the treatment process RF 

heatmg does not produce treatment residual waste 

A vapor momtormg program conducted at the wells and GAC umts, wdl momtor the SVE 

system s efficiency and determme replacement rates for the GAC umts Spent GAC from the 

off gas treatment system and the Buddmg 891 water treatment system wdl be sent offsite for 

regenemtton Ion exchange resms from the Buddmg 891 water treatment system wdl be 
regenerated onsite and the regenerants solutton pH neufralfzed and sent to Buddmg 374 for 

evaporatton bquid from the SVE hquidvapor separator and decontammhon water wdl be sent 

to the Buddmg 891 water treatment system 

4 3 4 7  

Costs for Altemattve 3 mclude the followmg items 

e 

e 

e 

e 

e 

Sod gas survey (approxmately 100 probes) 
Three groundwater extramon wells (6-mch h e t e r ,  20 foot depth) 
36 vapor extramon wells (4-mch h e t e r  20-foot depth) 
Four groundwater momtormg wells (6 mch h e t e r  20 foot depth) 
Three vapor extrachon systems with blowers fdters and other appurtenances 
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e 

e RF heatmg umt 
e 

e 

e Groundwater momtomg 

GAC system (two dud mounted umts contamng 1 500 pounds of GAC each) 

Assocrated pipmg pumps and mstrumentahon 
Operahon of the buddmg 891 water treatment system 

The total capital cost of Altemhve 3 IS $1 843 600 The total 08t.M cost is $4 798 200 

assummg operabon of the buddmg 891 treatment system dumg the two year SVE treatment 

penod and for 10 years followmg SVE The total post closure cost for thls alternahve is 
$918 700 mcludmg groundwater momtomg for 13 years followmg complebon of remedmbon 

The total cost of thls alternatwe is $7 560 500 A detaded cost estmate IS mcluded m Appendm 

A 

4 3 5  Alternahve 4. Hot h r  In_rec%on with Mechamcal Mmng 

The evaluahon of the two threshold and five balancmg c n t e ~  for Alternabve 4 

Injmon with Mechatllcal Mrxrng is summanzed m the followmg subse&ons 

Hot Au 

4 3 5 1 Overall hte&on o f Human Health and the Enwonme nt 

Alternabve 4 protects human health and the envmnment by removmg DNAPL conhumants 

from subsurface sod and If possible groundwater at MSS 119 1 The exposure potentd is 
reduced by decreasmg the volume of contarmnaats through groundwater extra&on and 

remedmbon of the pnmary contarmnant source The French Dram and extrachon wells wdl 

decrease contammint mobhty by captumg contammated groundwater and preventmg 

downgrahent mgrahon of contammants 

The RCRA CAP cntem for controlhg contammhon sources wdl be satrsfied by the 

components of ths alternahve It wdl also meet the RCRA CAP cntem for attamng cleanup 

standards for all  of the contammants except possibly TCE Groundwater modelmg mdmtes that 

the peak contarmnant concentmbons at Woman Creek except perhaps TCE wdl be below the 
PRGs Accordmg to the model TCE PCE and CCl, may not meet the PRGs at the French 0 
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Dram however the model does not mclude the French Dram whch should be operatmg to 

reduce peak concentrabons 

Altername 4 should meet key ARARs at the French Dmn and Woman Creek The mtermittent 

stream status of Woman Creek is a concern to ecologcal nxxptors Surface water standards 

estabhshed for ecologcal receptors should be met at Woman Creek 

Hot an- mjechon may have an adverse effect on the sod at OU 1 due to the hgh sod 

temperatures that are reached dumg operabon Wide the elevated temperatures may mcrease 

the effechveness of the altematwe they may be harmful to some subsurface biota m the short 

term It is expected that the biota wdl repopulate itself m a muonable amount of tune 

Atematwe 4 should provide permanence by remedmtmg the pnmary contammnt area at IHSS 
119 1 and reducmg long term nsks to human health and the envmnment The degree of 

permanence acheved at the site depends on the extent that the pnmary contammint area is 

remedmted Uncertambes regardmg the nature and extent of the DNAPL sources may h u t  the 

degree of permanence acheved by Altematwe 4 

Because h s  altematwe should remedwe the source at IHSS 119 1, groundwater modehg 

mdmtes that carcmogemc nsk levels at the French Dram and Woman Creek are below the 

acceptable nsk m g e  of 104 to 106 Noncarcmogemc hazard m&ces for the French Dram and 

Woman Creek do not mhcate a potentml for adverse effects to human health 

Thu altematwe should be completed m appromately 1 year dependmg on the actual volumes 
of contarnmated soil and groundwater contammt concentraQons and mobrltzatton tune There 

should be no adhbonal short term nsks to the pubhc dumg Implementahon Potentml health 

nsks to on site workers occur from exposure to contammints m groundwater and sod vapor and 
safety hazards assocrnted with constructron actrvibes hot atr mjmon and operabon of the 

mechamcal mmer tool hsks wdl be rmnunlzed through standard health and safety practrces 
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4 3 5 2 Comphce Wit h -le o r Rele vant and AoDroDnate Reaummentg 

Three types of ARARS chemcal specdic acbon specdic and locahon specfic are evaluated 

for each altematwe The followmg w o n s  evaluate the key ARARS specfic to thls altematwe 

The designabon of ARARs for ths altematwe is the same as presented m Altematwe 3 
Altematwe 4 should comply with chemcalspecfic amon specfic and locahonspecfic 

ARARS 

The results of groundwater momtomg from 1989 1994 m&cate that the State Baslc Standards 

for Groundwater (5 CCR 1002 8 3 11 5) are cumntly exceeded beneath OU 1 Specfic 

chemcal concentrabons whch exceed standards are PCE, 1 2 DCA, 1 1 DCE, 1,2 DCE(cis) 

CCl, 1 1 1 TCA and TCE 

Orgmc chemcal concentrabons have been modeled to reflect remedmUon actwibes at OU 1 
usmg groundwater momtomg results and the knowledge of hydmgeologcal con&bons The 

results of groundwater modehg of the chemcals m&cate that Altematwe 4 would comply with 

Basic Standards for Groundwater 10 years after mplementabon of remedmhon, assummg the 

French Dram is m place The French Dram locabon would acfueve the State Basic Standads 

after the loth year with the excepbon of TCE amrdmg to the modehg results However the 

steady state model assumes the source of contammabon remms dumg the penod of 

remedmbon contammnts at the lmbon of Woman Creek would comply with the State 

Groundwater Standards sooner than 10 years after remedmbon Assumpbons of the model and 

results of the model are &scussed m Appendm B 

Acaon SDecfic ARARs 

Altemabve 4 slmllat to Altematwe 3 may enhance the volume of contammints that can be 
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extracted from the soil Vapor momtomg wdl be used to determme the effecbveness of the 

system and to ensure that breakthrough does not occur m the GAC systems a 
Some contammants would be left m place at the MSSs (other than 1€9r 1) withm OU 1 The 

sources at IHSS 119 would be remednted to reduce contammant concentmbons Collecbon of 

the mobde confarmnants m groundwater at the French Dram and subsequent treatment of 

contaminants m the water treatment system would contmue for as long as is necessary to acheve 

the State groundwater standards "here is a potentd for some contammants to be left m place 

at some of the IHSSs smce groundwater movement is s p o d c  and subject to clunabc condIbons 

Comphnce with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program is nxpmd 
at OU 1 Comphce with either the RCRA defmbon of pomt of comphce or the State 
groundwater regulatory defmbon wdl depend upon the selmon of a pomt of cornphce 

locabon by EPA CDPHE and DOE 

A plan to momtor contammnts would be requved for the post closure penod A RCRA 

performance momtomg system would be mplemented with thls altemabve and would probably 

be needed for 13 years or more after remednbon accodng to the modehg results Momtomg 

of the orgmc consbtuents would be conducted m accordance with Subpart F of the State RCRA 

regulabons (6 CCR 1007 3 264 93 264 98) Momtomg would be conducted una  it is 

de temed that the contammnts are m compbce with the State Basic Standards for 
Groundwater (5 CCR 1002 8 3 11 5) The state groundwater standards are selected for 

momtomg smce the RCRA regulabons do not have protechon standards for the contammints 

except for selemum 

Correctwe acbon would be conducted as long as necessary to acheve the state groundwater 

standards at the selected pornt of comphnce Mamtenance and momtomg of consbtuents is 

r e q u d  to be conducted for 30 years unless the perfomance momtomg system mdIcates no 
exceedances of groundwater standards for three consecubve years and a shortened penod of tune 

is approved by CDPHE Accodng to the results of the modelmg the tune perrod for requmg la 
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momtomg could be as short as 13 years after source remedztbon however an mtml post 

closure perrod of 30 years would be mtnted with CDPHE Implementabon of thu altematwe 

would quue a determmabon by CDPHE that the correctwe amon is protectwe of human health 
and the envmnment The pomt of compltance for the performance momtomg system would 

need to be selected to demonstrate comphce with the RCRA correctwe amon requmments 
and the groundwater p romon  standard (Subpart F) 

0 

Other amon specfie ARARS such as the Colorado Water Quahty Control Act effluent 
h t abons  for the water treatment system would be comphed with dumg opembon of the 

system Other acbon specfic ARARs should be comphed with m a manner slmrlar to 

Altematwe 3 

It is assumed that mechamcal mmng hot an mjectron and extramon well mstallabon wdl not 

be completed 111 the nparm habitat near the French Dram and Pond C 1 Rqman habitat wdl 

be replaced rf it is inadvertently destroyed by the hot au from the mecharzlcal m e r  It is 

antmpated that comphce with DOE and Colorado regulabons concernmg wetlands and 

0 

I nongame species should be acheved with the mplemenmon of thls alternabve 

4 3 5 3  LongT 

Altematwe 4 should protect human health and the envmnment by removmg contamrnated 
groundwater and remedntmg confarmnated sod at MSS 119 1 The French Dram wdl extract 

and treat contarmnated groundwater at IHSS 119 1 untd the groundwater is reduced below the 

PRGs Groundwater modehg mdmtes that the groundwater should be free from DNAPL 

contammabon w i t h  10 years Because groundwater models are based on assumpfions about 

a site however three ambonal years of momtonng and operabon of the French Dram wdl be 
conducted to ensure that the groundwater remms below the PRGs The add1t10na.l momtonng 

and collecbon should provide long term effecbveness and nmmwe the nsk to human health and I. 
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the envmnment The low contammint concentrahons and natural degradahon should also be 

a factor m providmg long term effectweness a 
The carcmogemc nsks from IHSS 119 1 at the French Dram and Woman Creek are below the 
acceptable nsk m g e  of 104 to lob pmanly because the DNAPL contammabon is Emednted 

at IHSS 119 1 Noncarcmogemc hazard m&ces at the French Drarn and Woman Creek do not 

mhcate a potentd for adverse effects to human health 

The mechamcal m e r  hot aw mjmon process should provide a large de- of permanence ~ 

the pnmary contarmnant source is fully remedmted The process maxllDlzes the chance for full 

remednhon by providmg a homogenous murture hgh &ow through the sod and an mcreased 

sod permeablltty for ease of removmg contammints Uncertamhes re-g the nature and 

extent of the DNAPL contammahon may b u t  the permanence of thrs alternatwe A 5 year 
review of the alternabve wdl be used to determme the degree of remedmbon acheved by the 

mechamcal m e r  hot an mjmon process 

I Wastes generated as a result of thrs alternatwe wdl be managed m comphce with apphcable 

regulahons The wastes mclude hquid from a SVE hquidvapor separator spent GAC from the 

off gas treatment system and Buddmg 891 water treatment system regenerant solubon from ion 
exchange resms m the Buddmg 891 water treatment system and wastes assoc~~ted with well 

mstallahon such as dnll cuttmgs and decontarmnaton water The hquidvapor separator waste 

and the decontammbon water can be sent to Bruldrng 891 The regenerant solubon from the 

ion-exchange resms wdl be pH neutrahzed and sent to Buddmg 374 for evaporabon The spent 

GAC will be sent offsite for regenerahon There are no signrficant nsks assocmted with 

h a n h g  the regenerant soluhon and sluppmg the spent GAC 

4 3 5 4  Redu chon of Toxlcitv. Mob&&. or Volume Thro ugh Treatmen t 

I Altemahve 4 should sahsfy the NCP preference for treatment as a pmcipal element of an 

alternative Removmg DNAPLs from the subsurface sod and groundwater will effechvely I. 
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reduce the mobhty and volume of contamrnants at IHSS 119 1 The m e c h c a l  m e r  hot au 

mjectlon process should mcmse the sod permeabhty and vohthabon rate thereby mcnxsmg 

the volume of contammants that can be removed from the subsurface sod Groundwater 
extracbon wdl reduce the contammt volume m groundwater and the French D ~ ~ I I I  wdl prevent 

potentd mgrabon of the contammints outside of OU 1 Remedmtmg the subsurface sod and 
groundwater wdl reduce ContamInant mobhty by preventmg p0tent.d downgradtent migrabon 

* 

Extracted groundwater and waste from the hquidhapor separator wdl be heated by WBO, 

ion exchange and GAC processes m the Buddmg 891 water treatment system WmO, is a 

destrumve treatment process and wdl result m decreased contammnt toncity GAC from the 

off gas treatment system wdl be regenerated offsite resultmg m reduced contammant toncity 

Wastes generated as a result of thls alternatwe wdl be managed m comphce with apphcable 

Egulabons The wastes mclude hquid from a hquidlvapor separator spent GAC from the off 

gas treatment system and Buddmg 891 water treatment system regenerant solubon from ion 
exchange rems m the Buddmg 891 water treatment system and wastes assocnted with well 
mstallabon such as drill cuttmgs and decontammQon water 

a 

Pmtecbon of human health and the envmnment should begm shortly after mplementmg 

Altemabve 4 Short term mpacts on the enwnment mclude sod Qsturbance and &splacement 

or loss of vegetabon dumg remedd acbvibes The hot an mj-on and mechamcal m g  
may affect some subsurface biota due to the hgh  temperatures that are reached dumg operahon 

but it is expected that the biota wdl repopulate itself w i t h  a reasonable amount of tune 

Groundwater modelzng for Alternatwe 4 md~cates that the peak concentrabons at Woman Creek 

are below the surface water standards The actual peak concentrabons should be less than the 

modeled concentrabons because the model assumed that the French Dram would be 
decomrmssioned when the alternatwe was mplemented Ecologrcal receptors may be more ). 
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affected by Woman Creek s mtemttent stream status than by the contarmnant concentrahons 

Potentlal short term mpacts to the pubhc are m m a l  under this alternatwe Potentd nsks to 
workers dumg remedmhon mclude exposure to contarmnants m extracted groundwater and sod 

vapor Workers may also be exposed to health and safety hazards assocmtd with the opemoon 

of the mechmcal m e r  Mmng the sod may mcrease the nsks assocntd with operatmg heavy 

equipment because of the mcreased possibhty of unstable sod The nslcs wdl be mrnrmrzed 

through standard health and safety pract~ces 

Although the technology is not as common as other apphcable technolog~es, equipment for hot 
an mjmon and mechamcal mmng is avdable from specmlmd vendors Altername 4 should 

not have any sigtllficant adrrrrmstmhve dlfficulhes unless the hot an mjectlon and mechamcal 

mmng are conducted m the npanan habitat areas along Woman Creek 

The technology may be =cult to mplement due to the mstab&ty of the claystone sod found 

at OU 1 Safety hazards may occur dumg xemedmbon because the mmng may mcmse the 

possibhty for slope faduxes by decreasing the sod s cohesive pmpemes Also the treatment 

zone may become completely wed saturated and soft as the remedmhon progresses 
Instalhg the necessary dewatemg and momtomg wells mto the treatment zone may be =cult 

If a drill ng cannot be dnven onto the sod 

4 3 5 7  Q&t 

Costs for Alternatwe 4 mclude the followmg items 

0 

e Four groundwater momtomg wells 
0 

0 

0 

Sod gas survey (approxmately 100 probes) 

MecWcal m m g  umt (mcludmg off gas treatment) 
Assocmted pipmg pumps and mstrumentabon 
Ojxmuon of the buddmg 891 water treatment system 
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8 Groundwater moxutormg 

The total capital cost for Alternabve 4 is $1 781 400 The total O W  cost is $3 113 OOO 

mcludmg operation of the Buddmg 891 treatment system for 10 years followmg the complebon 

of remednbon The total post closure cost is $1 120 700 mcludmg groundwater momtormg for 

13 years followmg complebon of r emhbon  The total cost of h s  alternabve is $6 015 100 

A detaded cost estunate IS mcluded m Appenh A 

4 3 6 Alternab ve5. So d Exca vabon with Groundwater Pum~mg - 

The evaluabon of the two threshold and five balancmg cntem for Alternabve 5 

Excavabon with Groundwater Pumpmg is s u m m d  m the followrng subsecbons 

Sod 

4 3 6 1  OverallPmmo n of Human Health and the Envmnmeat 

@ Altemabve 5 wdl be proWve of human health and the envmnment by usmg a combmabon 
of sod excavabon groundwater e m o n  and treatment of contammated sod and groundwater 

The exposure potentnl is reduced at the site by decreasmg the contarmnant concentrabons 

through groundwater extramon and removal of the pnmary contamnut source The French 

D m  wrll capture contammated groundwater and prevent downgradrent mgmbon of 
contarmnants 

The RCRA CAP standard for contmlhg contammbon sources wdl be sabsfied by the 

components of Alternabve 5 Alternabve 5 wdl also meet the RCRA CAP standard for a-g 

cleanup standards for all of the contammints with the possible e x q o n  of TCE Groundwater 

modehg mdcates that the peak contammant concentmbons except perhaps TCE wdl be below 

the PRGs at Woman Creek PCE TCE, and CCC may not meet the PRGs at the French D m  
but the groundwater model assumed that the French D m  operabon would be dscontmued when 

Altemabve 5 is unplemented 
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Altematwe 5 may have a sigmficant mpact on the envvonment due to the large excavauon sod 
storage and transportaUon quuements Excavatmg the source area wdl adversely mpact the 

flora fauna and subsurfaoe biota of the a m  It is antmpated that proper mhgauon and 

reclamahon measures wdl rmtll~lllze long term effects from thls altemauve However If the 

Preble s meadow jumpmg mouse becomes a Federally protected Endangered/Thnxtened species 
the consultat~on pmcess with US Fish and Wddhfe may q u m  addbonal unanbcipted 
measures 

The carcmogemc nsk levels asSOcmted with DNAPLs at the French D m  and Woman Creek 

under tlzls altematme are lower than the acceptable nsk m g e  of l@ to lod because the pnmary 

source of contammauon is removed through excavauon and the contammint groundwater plume 

is captured by the French D m  The nonmmogemc hazards assocxited with the alternatwe 

at the French Dram and Woman Creek do not m&cate a potentad for adverse effects to human 

health 

It is antmpated that treatment of contammated soils should be completed withm 1 to 2 years of 

Implementahon dependmg on the COntamlIlilllt concentrabons subsurface sod volume and the 

capacity of the thermal desorpuon umt Dumg mplementauon there is a potentml for nsk to 

the pubhc due to contamrnated hgtwe dust generated dumg the excavabon transportaUon and 

storage of large volumes of subsurface sod Rnks to the pubhc should be rmtllIlllzed by usrng e 
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The sod excavabon and groundwater extramon of Altematwe 5 should allow OU 1 to meet 

chemcal p d 5 c  ARARs at the French Dram and Woman Creek Woman Creek as an 

mtermittent stream is a concern for ecologml receptors Surface water standanis should also 

be met at Woman Creek for both human and ecologd receptors Alternauve 5 wdl provide 
long term eff-veness because it removes the source of contammuon, offers a hgh degree of 

permanence and should be an effectwe method for smovmg DNAPLs from the site The 

degree of permanence is dependent on the extent to whch the sources rn IHSS 119 1 are 

remedmted Uncertambes regadmg the actual nature and extent of the DNAPL sources may 

h i t  the degree of permanence acheved by Altematwe 5 

0 



dust suppressants i e water to suppress the fugbve dust dumg transport and the construcbon 

of a roof or other cover for the stomge areas Potentd nsks to workers may occur from 

exposure to contarmnants m groundwater sod and hebve  dust Workers may encounter safety 

hazards assocmtd with operatmg excava~odbackfill equipment and the thermal desorpbon umt 
f i s h  to workers wdl be mumuzed through standard health and safety pmct~ces 

0 

4 3 6 2 Comphce With Apphcable or Relevant and A~proyate Regum menta 

Three types of ARARs chemcal spec& amon specdic and locabon specflic am evaluated 

for each alternatwe The followmg secbons evaluate the key ARARs specdic to thts alternabve 

The ARARs assocnted with thts alternatwe are very s m h r  to those presented and d~scussd for 

Alternabves 3 and 4 Alternabve 5 should comply with chemcal specdic, locabon specdic and 
amon specfic ARARs 

Chemical Sgec f ic  w 

The results of groundwater momtomg from 1989 1994 md~cate that the State Basic Standards 

for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1 Specdic 

chemcal concentrabons whch exceed standards are PCE 1 2 DCA 1 1 DCE 1 2 DCE(cis), 

CCl, 1 1 1 TCA and TCE 

Orgmc chemcal concentrabons have been modeled to reflect remednbon aavibes at OU 1 

usmg groundwater momtomg results and the knowledge of hydrogeologcal con&hons The 

results of groundwater modehg of the chemicals mdcate that Altemabve 5 would comply with 

Basic Standards for Groundwater 10 years after mplementabon of remednbon assummg the 

French D m  is m place The French Dram locabon would acheve the State Basic Standards 

after the loth year with the exceptton of TCE amrdmg to the modehg results However the 

steady state model assumes the source of contammabon remms dumg the penod of 

remednbon contarmnants at the locabon of Woman Creek would comply with the State a 
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Groundwater Standards sooner than 10 years after remedmhon Assumphons of the model and 

results of the model are d~scussed rn Appendu B 0 
Acuon Specflic ARARs 

Some contammints would be left m place at the MSSs (other than 119 1) withm OU 1 The 

sources at MSS 119 would be remedmted to reduce contarmnant concentmuons Collecbon of 

the mobde contammants m groundwater at the French D m  and subsequent treatment of 
contarmnants 111 the water treatment system would contmue for as long as is necessary to acheve 

the State groundwater standards There is a potentd for some contammants to be left m place 

at some of the MSSs smce groundwater movement is sporad~c and subject to chmauc conhhons 

Comphce with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA pmgmm is requmd 

at OU 1 Compbce with either the RCRA defmhon of pomt of compbce or the State 

groundwater regulatory defmbon wdl depend upon the selecbon of a pomt of compbce 

locabon by EPA CDPHE and DOE 

A groundwater momtomg plan would be requmd for the post-closure penod A RCRA 

performance momtormg system would be mplemented with t€us altermhve and would probably 

be needed for 13 years or more Momtomg of the 0-c and morgamc consutuents would 

be conducted m accordance with Subpart F of the State RCRA regulahons (6 CCR 1007 3 
264 93 264 98) Momtomg would be conducted untd it is detemmed that the contarmfliints are 

m compbce with the State Basic Standards for Groundwater (5 CCR 1002 8 3 11 5) The 

state groundwater standards are selected for momtormg smce the RCRA regulabons do not have 

prot-on standards for the contammints except for selemum 

C o a t w e  acbon would be conducted as long as necessary to acheve the state groundwater 

standards at the selected pomt of comphce Mamtenance and momtonng of conshtuents is 

requlred to be conducted for 30 years unless the performance momtormg system mdIcates no 

exceedances of groundwater standards for three consecutwe years and a shortened penod of tune e 
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is approved by CDPHE Accordmg to the results of the modehg the r e q u d  momtomg 
penod is 10 years after source r e m a h o n  however an mtd post closure penod of 30 years 

would be nuhated with CDPHE Implementabon of ttus alternabve would requm a 
de t emt ion  by CDPHE that the correcfive acbon is protecbve of human health and the 
envmnment The pomt of comphce for the performance momtomg system would need to 

be selected to demonstrate comphce with the RCRA correctwe acbon requmments and the 

groundwater prot-on standard (Subpart F) 

0 

Subsurface sods at OU 1 contam hsted hazardous wastes and are potentnlly regulated under 

Subhtle C of RCRA Dehstmg of the treated sods at OU 1 is a potentml ophon as the treated 

sod should meet the RCRA dehtmg requmments m A Gsude to Dehshng of RCRA Wastes for 
Superfund Remedal Responses (OS- # 9347 3-09FS) Dehstmg of the treated sods would 

allow d~sposal of the sods on site The dehstmg process can requm two years of agency review 

and approval 

Site specfic treatabihty study data may become avadable from other OUs m the future Data 
provided by the suppher of the thermal desorpbon umt shows that treatment of smular wastes 

has resulted m conmtuent levels below the dehstmg cntem the Maxunum Allowable 

Concentrahons (MACs) The conshtuents found m the subsurface sod that ate hsted wastes are 

e carbon tetmchlonde 
e tetrachloroethene 
e 1 1,l tnchloroethane 
e tnchloroethene 
0 toluene 
e xylenes 

The treated sod should pose no siwicant threat to groundwater and would be fully protectwe 

of human health and the envmnment 

Venfrcaton testmg m all hkehhood would need to be performed after treatment to confirm 

dehstmg levels The vedicabon testmg would mclude analysis for total and TCLP leachate 
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wncentmbons Venfkabon testmg would be performed usmg the a p p q m t e  QNQC * procedures 

It is possible that EPA s proposed defimhon and treatment standards for hazardous sod could 

be promulgated pnor to the fmal CAD/ROD It is antaipated that thls altemabve should meet 

any changes to the defmbon and treatment standards for hazardous sod Other actlon specfic 
ARARS such as the Colorado Water Quahty Control Act effluent lunitahons and stomwater 

regulabons should be comphed with durmg the r e m a  arnvihes The State s au polluhon 
Iegulabons should not be an ARAR smce there are no technolo@es or fachhes at OU 1 whch 

could be a source of emissions 

Dewatermg wLU mvolve placmg a PVC pipe from the excavahon to the French D m  Although 

the construcbon a m  mvolved m the mvity would be small there may be a short term unpact 

to npanan and wetland areas around the French Dram Iihogahon measures wdl be used to 

rmtllffllze the &srupbon however any destroyed n p m  areas wdl be replad or created 

a c c o h g  to DOE wetland regulahons 

0 

Alternabve 5 may result m adverse effects to threatened and endangered species or species of 

specml concern at the site Iihhgabon measures w d  be hscussed with the CDOW to rmtll~lllze 
habitat &sruphon and to comply with regulahons for species such as the Preble s meadow 

jumpmg mouse Should the mouse become a Federally protected species consultabon with the 
U S Fish and Wddhfe Service WLU be mated to comply with Sechon 7 of the Endangered 

Species Act 

4 3 6 3  LongTermEffm veness and Permane nce 

The excavabon to bedrock and dewatemg components of Alternabve 5 wLU sigmfbntly reduce 
potentml nsks to human health and the envmnment by removmg contammated gmundwater and e 
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subsurface sod The French Dmn and Buildmg 891 water treatment system wdl contmue to 

extract and treat contammated groundwater untd concenmons at the MSS are reduced below 
the PRGs Groundwater modelmg mdxates that the contammated groundwater should be 
removed after 10 years Because groundwater models ate based on assumphons rather than 

known quanhhes at a site an addIbonal3 years of monttomg wdl be conducted to acheve the 

groundwater PRGs 

a 
I 

The carcmogemc nsks for the French Dram and Woman Creek are below the acceptable nsk 

range of 104 to 10-6 because the contammated sod and groundwater am removed from the 

treatment area The noncarcmogentc hazard m&ces asmmted with the French D m  and 

Woman Creek do not mdcate a potentnl €or adverse effects to human health 

Followmg treatment of the pnmary contammint source contarmnated groundwater w1th.m OU 1 

may contmue to mgrate away from IHSS 119 1 Modelmg mdIcates that because of the French 

Drain and the source removal groundwater should meet PRGs for the contarmnants at Woman 

Creek theIeby providmg long term effecbveness and mmmmng human health nsks 

Alternatwe 5 should provide a hgh degree of permanence If the sources at I H S S  119 1 are fully 

remedmted Uncertambes Iegardmg the nature and extent of the DNAPL sources may h u t  the 

degree of permanence acheved by the alternatwe A 5 year review should be conducted to 

determme the effechveness of th~s altemahve 

0 

To further provide long term promon  and m m n e  human health nsk excavated soil wdl be 
managed accordmg to apphcable regulabons and treated to below LDR standanis or levels of 

concern Disposal wdl be at a permitted TSD fachty with the possib&ty of on site drsposal 

If approved by CDPHE through the pebbon process The= should be no sigmficant nsks 

assocnted with handhg nonra&oactwe treated sod 

4 3 6 4 Reduchon of Toxmtv. Mobhty. or Volume Through Treatment 

Altemabve 5 sahsfies the NCP preference for treatment as a pnncipal element of an altemahve a 
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It should effechvely and rrreversibly reduce the mobfity and volume of contammints m OU 1 

by removmg the pnmary source of contammants from the subsurface and groundwater 

Excavatrng an estmated 17 500 cubic yards of sod withm the treatment zone wdl reduce the 
volume of contarmnants m subsurface sod m both the saturated and unsaturated zones 

Removmg the source of the contammants wdl also reduce contammant mobhty by prevenbng 

potentml migrabon Dewatemg the treatment a m  of an estunated 80000 gallons of 

groundwater wdl reduce the contarmnant volume and mobhty 

Treatmg the contammated sod wdl reduce the contammant volume and toncity m the sod pnor 

to Qsposal at a properly pemtted TSD fachty or potentally onsite In ad&hon extracted 

groundwater wlll be treated usmg the WmO, ion-exchange, and GAC processes m the 

Buddmg 891 water treatment system W/€&O, is a destructwe and mversible process and wdl 

decrease contammint toxmty 

Wastes generated as a result of thls altembve rnclude regenerant soluuon from ion exchange 

resms and GAC from the Buddmg 891 water treatment system treated sod, and wastes from 
well mstallahon such as ddl cuttmgs and decontmmahon water The secondary wastes 

produced dumg treatment and the processes used to treat these wastes mclude 

e 
e Regenerahon of the ion-exchange rems resulbng m a solution that wdl be treated 

at the Buddmg 374 Evaporator 

e Spent GAC that wdl be sent offsite for regenerahon 

e Decontammahon water that wdl be sent to Buddmg 891 for treatment by the 
W/H20, and ion exchange processes 

e The treated sod and wastes such as ddl cutbngs wdl be managed accordtng to 
apphcable regulahons before bemg transported to a pemtted TSD fachty 

There should be no si@icant nsks aswated with handlmg the wastes or shppmg 

nonradioactwe treated sod 
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4 3 6 5 Short Term Effm venea e 
Protechon of human health and the envmnment should begm shortly after the excavahon is 

completed for Alternahve 5 However the altername may have si@icant short term mpacts 
on human health and the envmnment such as potentml worker and pubhc health exposure to 

fbgtwe dust created dunng the excavabon, transportahon, and storage of excavated sod 

Adhbonal short term effects mclude the Qsplacement or desmcbon of vegetabon 

Alternatwe 5 wdl have a sigdcant short tern mpact on the u n m h t e  envmnment due to the 

large excavaQon and m a t e d  transportahon requirements Excavatmg the mntamlnant source 

area wdl adversely unpact the site flora fauna and subsurface biota MbgaQon measures wdl 

be used to rmtll~~llze the mpact 

Dunng unplementahon of Atematwe 5 there may be a nsk to the pubhc due to potentdy 

contammated dust generated dumg the excavmon transportabon and storage of large quanbbes 

of suf icd and subsurface sod Management of the sod wdl comply with 40 CFR Part 122 26 
Part 264 and DOE orders Stormwater controls would be employed to reduce runoff at the site 
Methods such as creatmg a three sided buddmg with a mf or other cover for stomge areas to 

m m m  fugtwe dust wdl assist m mmmmng exposure nsks There may be potentml nsks 

to workers from exposure to confarmnants m groundwater, sod or fugtwe dust Workers may 

also encounter safety hazards assoclilted with operatmg excav&on/backfii equqment and the 

thermal desovhon umt R~sks to workers wrll be mmumzed through standard health and safety 

practlces 

0 

Although surface sods are bemg admmstratwely addressed under OU 2 donuchdes are a 

short term effecbveness concern under thls alternatwe due to the potentml for exposure to both 
on site and off site receptors from fug&ve dust Excavatlon a&vibes would mcrease the 

resuspension of mhonuchdes m surface sods thereby mcmmg off site exposure pomt source 

terms as well as the flux of contammts to Woman Creek 

OU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 4 67 



Groundwater modehg for Altematwe 5 mQcates that the peak concentmuons at Woman Creek 

are below the PRGs at OU 1 for a l l  of the contammints except TCE The actual peak 

concentrabons should be less than the modeled concentrabons because the model assumed that 

the French D m  wdl be decommssioned when the altematwe is mplemented Therefore 
ecological receptors at Woman Creek should not be affected by OU 1 groundwater contarmnants 

under &IS alternatwe Woman Creek is an mtermittent stream whch may have a greater effect 

on mlog~cal receptors because of a lack of water than the peak contammnt concentrabons 

@ 

4 3 6 6 Implementab&ty 

Altematwe 5 wdl not h u t  the use of future remedml acQons at the site rf they are deemed 

necessary In adQtaon thermal desorpbon is a proven sod remedmhon technology that should 

not mvolve admuustratwe mculues Altematwe 5 should not be b t e d  by the avadabhty of 

services and mateds There may be si@icant tecbcal or adrmntstrabve Miculbes If 
F’reble s meadow jumpmg mouse is designated a Federally protected ThreatendEndanged 

species Such a designabon would requve consultabon under S m o n  7 of the Endangered 
Species Act Promon of human health and the envmnment should b e p  shortly &er the 

excavabon is complete 

It is antmpated that 3 months wdl be requlred to mobdne and demobw the thermal desorpbon 

umt Standard equipment will be used for excavatmg the contammated sod at MSS 119 1 A 

large storage area may be requlred for stockphg and tmatmg the excavated sod but it is 
expected that sufficient space wdl be avadable adjacent to the excavabon area The Treated sod 

may be dehsted as a hazardous waste to allow onsite &sposihon However the process of 

dehstmg could requve two years In ad&hon for offsite Qsposal the number of TSD fachhes 

that will accept the subsurface sod may be lunited If it contams raQoactwe m a t e d  

Au morutomg will be requlred dumg the operatzon of the thermal desorptzon umt and 
rad~olog~cal momtomg wdl be conducted throughout the remedmbon Groundwater morutormg 

will be conducted for 13 years after remedmbon is complete to acheve the groundwater PRGs a 
OU 1 CMSIFS Report 
881 Hdlside Area 
February 1995 4 68 

P 



4 3 6 7  Q& 

Costs for Altematwe 5 mclude the followmg items 

e 

e 

e 

e 
e 

e 

e Groundwater momtormg 

Construmon of a stagmg area 
Use of convenbonal sod excavafion and backfill equipment 
Four new groundwater momtormg wells 
Operauon and mobduahoddemobdua~on of a thermal desovuon umt 
I)lsposal of n o h m v e  treated sod at a pemtted TSD fachty 
Operabon of the buddmg 891 treatment system 

The total capital cost for Altematme 5 is $9 034 500 The total O W  cost is $3,113 OOO 

mcludmg operabon of the Buddmg 891 treatment system for 10 years followmg the compl&on 

of excavahon The total post-closure cost is $1 122 100 mcludmg groundwater momtormg for 

13 years followmg complefion of remedmbon The total cost of h s  alternabve is $13,269,600 

A detaded cost estmate IS mcluded m m n d m  A 

4 4 ComDaratwe Analv - sis of Altematl V a  

Thls sectton presents the compamtwe analysis of altematwes m relabon to the specfic 

RCWCERCLA evaluabon C I I ~ M  The results of the detaded analysis of altematnes is 

summaflzed m Table 4 2 Thls mformaQon is used to compare altematwes m the followmg 

subsechons 

4 4 1 Overall Prokc00 n of Human Health and the Envrronment 

The overall protechon of human health and the envmnment is hghest with Altematwe 1 

because of its low overall nsk to human health and the envmnment whde providmg mversible 

groundwater extracbon and treatment Altematwe 1 should result m no SigndYcant change m 
promon of human health and the envmnment Altemahves 2 3 and 4 currently offer the 

same verrfiable protechon as Altematwe 1 because the locaQons of DNAPL sources axe 
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unknown Altematwe 5 provides meversible txeatment and the largest ducUon m exposure 

potentd withm the shortest tune However it also has the greatest adverse effects to the 
envmnment and workers 

e 
Alternatwes 2 3, 4 and 5 reduce the exposure potentd by remedmtmg the source of 
contammabon Alternatwe 1 reduces the exposure potentd by contammg the source of 

contammahon and lunitmg access to the site Attarnurg groundwater cleanup standards a RCRA 

CAP cntem is also met by Alternatmes 1 through 5 Alternatwe 0 neither meets ttus cntem 

nor reduces the exposure potentd at the site 

Alternatwe 1 provides the least overaU envmnmental effects of the alternabves because it 

matnfazls the current operabons at the site and provides contamment of the source Alternatwes 

2 and 3 do not substantdly affect the enmnment but the permanence of SVE depends on 
knowmg the locaQons of the DNAPL sources whch are not well dehed at OU 1 Alternabves 

3 and 4 affect the envmnment more than Altematwe 2 because of the RF heatmg umts and the 

mechmcal m e r  mpectwely Alternatwe 5 provides the greatest short term durupOon of the 
envmnment and the most permamnt solubon Altematwe 0 offers the least permanent soluuon 

and greatest long term concern to the envrronment 

The calculated noncarcmogemc hazards do not mhcate a potentd for adverse human health 

effects The carcmogemc nsks were below the acceptable nsk range of 104 to 10-6 for the 

alternatwes except for Alternatwe 0 Altemtwe 0 had a carcmogemc nsk of 1 2E-05 for an 
onsite resident Other nsks to the pubhc are mlnlmal with the excepbon of potend hgbve 

dust created under Alternatwe 5 by the excavabon transpornon and storage of potentally 

contammated sod 

The overall nsks to workers at the site mclude p0tent.d exposure to contammnts through 

groundwater extrachon for Alternatwes 1 2 3 4 and 5 Workers may be exposed to 

contammint vapors for Alternabves 2 3 4 and 5 However calculated carcmogemc and 

noncarcmogemc effects for workers were below the acceptable nsk range for all of these 

I ‘ 0  
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alternatwes Alternatwes 3 4 and 5 may expose workers to safety hazards from operatmg 

equipment assocnted with the alternatwes In a&Qon Alternatwe 4 may present safety hazards 

from potentd destabhzabon of the sod and Alternatwe 5 may present hazards asmnted with 
fugtwe dust 

Alternatwe 1 is cumntly meetmg the =Os for the site Remedmbon should take less than 2 

years for Alternatwes 4 and 5 Altematwe 3 should remedmte the site withm 3 years whde 

Alternatwe 2 is estmated to be 5 years The remedmuon tune for Alternatwe 0 is m c u l t  to 

p&ct but it is assumed that groundwater moxutomg wdl contmue for 30 years 

4 4 2  Compbcew ith ADpllcabe o r Relevant and Amrqmate Requmme nts 

Alternatwes 1 5  would comply with the majonty of chemcal spec~c ,  acbon specfiic and 

locatlon specfic ARARs The possible excepfion is the peak mncentrauon of one contammint 

TCE whch could possibly be above the c h e m d  specfic ARAR the Colorado Basic Standards 

for Groundwater The durabon and concentrahon of the peak IS dependent on the altematwe 
and locahon of the downgrahent measured pomt These observabons are based on a review 

of modehg results It is also possible that the p&cted peak ConcentraQons are over estmated 

and that Alternatmes 1 5 or some of these alternatwes would not exceed the state groundwater 
standards Alternatwe 0 is p&cted and m all hkehhood would not meet the state 

groundwater standards 

Groundwater modehg results have been used to assist m determmg ARAR compbce The 

two locahons used m the smulabons of contammint concentmuons are the downgradlent side 

of the french dram and the alluvium at Woman Creek Assumptrons of the model mclude 

avadabhty of a contimunabon soume even for remednQon alternatwes through the penod 

1969 2029 In adhbon the solubhty of TCE m water is relatmely hgh m cornpanson to the 

other chemcals used m the model Other modeled steady state flow factors are drscussed m 
Apndnc B 
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The Merences m pmbcted peak concentrauons among the altematwes are summanzed as 
follows peak concentraaons of organrcs do not comply with the state 
groundwater standards at the french dram and peak concentrabons of the orgmcs except for 

TCE might comply with the state groundwater standards at the Woman Creek locaQon after a 

penod of thwty or more years Altematwe 1 peak concentrabons of orgmcs would probably 
comply with the state groundwater standards except for TCE sometme after 2010 at the 

French Dram locahon and peak concentrabons of orgmcs (mcludmg TCE) would probably 

comply with the state groundwater standards at approxmately year 2010 at the Woman Creek 
locabon Altematwes 2 5 peak concentrabons of orgmcs would comply with the state 

groundwater standards with the possible excqbon of TCE, ten years after remednQon is 

completed at the French Dram Peak Concenfrafions of orgaatcs would comply with the state 

groundwater standards withm ten years and probably sooner of completed remedmQon at the 

Woman Creek locabon 

Altematwe 0 
I 

Comphce with the amon specflic ARARS are shghtly Merent among the altematwes 

Although all the alternaves would be r e q u d  to comply with the RCRA comctwe amon and 
groundwater pmtecuon standard the penod of tune requved to complete cofiectLve actron 

would vary among the altematwes In W o n  CDPHE is requlred to deterrmne that the 

selected comphce pomt and altematwe would be protectwe of human health and the 

envmnment Thls detemmhon could vary from Altematwe 1 to Altematwes 2 5 

0 

The proposed groundwater performance momtomg system would be mtnted for thuty years 

m accordance with the RCRA post closure requmments However once the momtomg system 

mdmtes no exceedances of groundwater standards for 3 consecutwe years the penod of 

comphnce momtormg may be reduced with the approval of CDPHE Although the penod of 

momtomg is dependent on the selected pomt to demonstrate comphce it can be stated that 

the comphce penod would be long for Alternatwe 0 as compared to Alternatwe 1 and that the 

comphce penod for Altematwe 1 would be relatwely long compared to Alternatwes 2 5 The 

momtomg Merences would correlate to the Merences m tune to acheve the State 

groundwater standards i e  Altematwe 0 may requm 30 or more years of momtomg 

1 
OU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 4 75 



Aternatwe 1 may q u m  16 years of momtomg and Altematwes 2 5 may requue 10 years 

or less of momtonng 

The other major Merence among the alternaoves m complymg with the achon specfic ARARs 

is the au polluuon controls r e q u d  on the vapor extmmon systems Altematwes 2-4 would 

requm comphce with the hazardous orgmc emission controls under RCRA regulabons as 

well as the State s au polluhon control Regulabon 7 Alternames 0 and 1 would not require 

such comphce as these alternatwes do not mvolve orgamc compound au emmions 

Comphce with locabon specfic ARARs is one of the major Merences among the treatment 

technology altematwes The altematwe that would reqm the most rmQ@on measures m 
order to comply with the State law on non game specia and DOE s regdabon on wetlands 

promon is Alternatwe 5 %s alternatwe would requm placement of a pipelme from IHSS 

119 1 to the French Dram Altematwes 2 3 and 4 are not anbcipated to Qsrupt wetland afeas 

with the treatment technoloees proposed however If some areas are disturbed m the 

Implementahon of the technology then comphce with the law and regulabons to protect 
wetland and non game species would be requmd All altematwes mcludmg No Amon could 

Qsturb a small area of wetlands for a very short tune (two to thtee days) dunng 

decommissiomg of the French Dram Wtqpuon measures would be mplemented to mrnrmm 
the Qsturbance and comply with the wetland and species protectton quuements 

If the Preble s meadow jumpmg mouse becomes Federally protected as a ThIeatened/Endangeml 

species then the comphce requmment for Atematwe 5 could be much more elaborate 

Consultation with U S Fish and Wddhfe Service would be r e q u d  and a biolognl assessment 
might need to be prepared 

4 4 3  LongtemEffsctr veness and Pemane nce 

Alternatwe 5 offers the most permanent protecbon of human health and the envmnment because 

the pnmary contammant source is physically removed and treated Alternatmes 2 3 and 4 offer 
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some p romon  because the source is remedmted to the extent possible by the technologres The 

degree of permanence depends on the extent that the wells a~ located next to a DNAPL source 
If the wells mss the DNAPL sources the extracbon rate is dependent on the passive *Uomg 

capabhty of the contamfnanfs Alternatwes 3 and 4 may be more protectwe than Alternatwe 

2 because they mcrease volathzaQon and provide more reducQon m the contammint 
concentrabons Alternatwe 1 offers the same protmon of human health and the envmnment 

as the current conhuons because it does not sigmfkantly change the current procedures at the 

site Alternatwe 0 offers less protmon than is currently avadable at the site because it 
decommssions the French Dmn whch is removmg contammated groundwater In a&bon it 

does not contam remedmte or remove the pnmary source of contammahon 

Five year reviews wdl be conducted for all of the alternatwes untd contammant concentmuons 

are consistently below the PRGs and the agencies agree that the site is not a cause for concern 

In adhhon all of the alternabves requue groundwater momtonng to evaluate the site conhuons 

Carcmogemc nsks and noncarcmogemc hazards are below the acceptable b t s  for a l l  of the 
alternatwes with the excepuon of Altemahve 0 It m&cates a carcmogemc nsk for an on site 

resident of 1 2x105 at the French D m  whch is withm the acceptable m g e  of 104 to 106 The 

carcmogemc nsk is 3 3x108 at Woman Creek under h s  alternatwe 

Alternatwe 5 provides the best long term effmveness and permanence of the alternatwes 

because it removes and treats the contammbon Alternatwes 4 3 and 2 provide s m h  
permanence and effectweness they Mer by mcreasmg volatdmbon capabhhes However the 

effmveness of SVE is dependent on locatmg the wells near the DNAPL sources and the source 

locauons are currently dl defmed Alternahve 1 prondes some permanence and effectweness 

for the site because it removes and treats groundwater Altematwe 0 provides no permanence 

nor long term effectweness except through natural degradabon 
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4 4 4 Redurnon of Tomcity. Mobhty. and Vo lume Throug h Tmtme nt 

Alternatwes 2 3 4 and 5 amvely remednte the pnmary source of c o n m o n  thereby 
satufymg the NCP preference for treatment as a pnncipal element of the alternatwe 

Altematmes 2, 3 and 4 use SVE or a vanabon of it whde Aternatwe 5 uses excavaQon and 

thermal desoqQon Altername 1 does not actwely remednte the pnmary source of 

contammabon however it controls it by contamng and extractmg the contammated groundwater 

Extracted groundwater is then treated m the Buddmg 891 water treatment system Altername 

0 does not remednte nor control the pnmary source of contammabon It rehes on ~ t u d  

degmdahon to restore the site 

Altername 5 provides a greater redurnon of TMV than Alternatwes 2 3 or 4 because it 
removes as well as remedntes the pnmary source of contamnubon Alternabve 5 provides ex 

situ treatment and chsposal of the subsurface sod whereas Alternahves 2 3 and 4 provide m situ 

treatment of the subsurface sod Groundwater is removed treated and chsposed of for 

Alternatwes 1 2 3 4 and 5 

Alternames 2 3 and 4 vary a m h g  to the enhancement used with SVE Altername 2 uses 

normal SVE Altername 3 uses thermally enhanced SVE and Alternatwe 4 provides thermally 

enhanced SVE with a mmng amon to provide greater sod permeabhty Because Altername 

4 mcreases the sod pemeabhty through homogenous rmxlng it creates a more hospitable 

envmnment for contammant volathzabon than Alternatwes 2 or 3 Slmllarly Altematwe 3 wdl 

provide more redurnon m volume and mobhty than Altematwe 2 because it provides a better 

envmnment for contammint volathahon 

An mversible reducbon m contammint tomcity is provided by Alternatwes 2 3 and 4 through 

the use of an off gas treatment system such as a GAC umt for treatment of contammated sod 

vapors Thermal desorpbon provides a s u n k  reduchon m contammint sod tomcity for 

Alternative 5 Alternatwes 1 through 5 wdl equally and mversibly reduce contammant 

groundwater tomcity by usmg the W/H,O, and ion exchange processes m Buddmg 891 
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Altematwe 0 reduces contarmnant tomcity through natural degradauon 

Wastes generated for Alternames 2 3 4 and 5 are smrlar They mclude spent GAC and 
regenerant solubon from ion exchange resms m the Buddmg 891 water treatment system drill 

cuttmgs and decontammaQon water from well mstallabon and hquid from the SVE hquidvapor 

separator Altematwes 2, 3 and 4 wdl have adQbonal quanmes of spent GAC because of the 

off gas treatment system for the extracted sod vapors Treated sod is an a d d b o d  waste that 

wdl have to be managed and Qsposed of for Altematwe 5 Altematwe 1 produces wastes 

assoclated with the W/H202 and ion-exchange processes m buddmg 891 and mstallahon of 

wells Altemabve 0 produces wastes asmlafed only with well mstallahon 

Altematwe 5 is ranked first for redurnon m tomcity mobhty and volume of the confarmnants 

Altematwes 4 3 and 2 are ranked second thurl and fourth respemvely because of then 

capabhbes for extractmg contammated vapors from the sod matnx at IHSS 119 1 Alternatwe 

1 is ranked fifth because it controls the pnmary source of contammaQon but does not reduce 

contarmnant sod tomcity mobhty and volume It also has a hgher possibhty than Alternames 

2 3 and 4 of revertmg to the current conhhon once the remednhon is considered complete 
Altematwe 0 IS ranked last because it neither remedntes nor controls contammabon at OU 1 

4 4 5 Short term  effect^ veness 

An mcrease m the p romon  of human health and the envmnment is acheved shortly after 

unplementmg Altematwes 2, 3 4 and 5 Altername 1 provides the same prok&on of human 

health and the envmment that is currently avadable at the site Altername 0 decreases the 

current protecbon of human health and the envmnment because it wdl decommission the 

French Dram and allow potentdly contammated groundwater to mpte from the site 

All of the altematwes wdl affect the envmnment when the French Dmn is decomrmssioned 

The short term effect may be a loss of wetland acreage but the expected long term effect is a 

net gam m wetland acreage Adverse short term effects to the envmnment are greatest with 
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Alternative 5 because of the sod excavabon and transportabon It may adversely affect flora 

fauna and biota at the excavabon and along the transportabon route dependmg on the rmbgabon 

measures used to m m m  fitpbve dust Alternabve 4 may adversely affect the envmnment 

because of the soil mmng However it should not affect the envmnment beyond the mmedmte 

treatment area unless it mterrupts a major hydmgeo1ogn.l channel or major sod destabhzabon 

occurs Alternatwe 3 may adversely affect the envmnment because of the hgh temperatures 

that are reached by the RF heatmg Dependmg on the mibgahon measures used the flora and 

fauna of the area could be affected by a change m sod honzon or biota Atematwe 2 may 

affect the mmedmte envmnment with mmor d~sturbances to the subsurface sod and some 

vegetatwe loss dumg the mstallaQon of the SVB system and momtormg wells Dependmg on 
the types of msbtubonal controls that are selected Alternatwe 1 may have the Same m m a l  
effects to the envmnment as Alternabve 0 Altername 0 is expected to affect the envmnment 

through the French D m  decomrmssion and momtormg well mstallabon Ecologd receptors 
at Woman Creek should not be signdicantly affected by the alternat~ves except for Alternatwe 

5 

Groundwater modehg mdIcates that the contammint concentrabons at pomts dmctly upgrahent 

of Woman Creek meet the surface water standards with the possible excepbon of TCE The 

actual concentrabons for Alternat~ves 1 through 5 should be less than the modeled concentrabons 

because the model assumed that the French Dram would be medmtely decomrmssioned rather 

than 10 years after remedmbon as suggested w1th1.11 the alternatwes 

Alternatwe 5 wdl affect human health by creatmg fupbve dust from the excavabon 

transportabon and storage of subsurface soil Mbgauon measures wdl be used to mmmue the 

dust Short term effects on human health are m m a l  for Alternabves 1 2 3 and 4 There 

should be no adhbonal short term effects on human health for Altername 0 

Altemabves 2 3 4 and 5 may affect workers through exposure to contaminants m 
groundwater soil vapor and operabon of the remedmbon and well mstallaaon equipment 

Alternatwe 5 wdl also affect workers by creatmg fuBtme dust durmg excavabon transportabon 

OU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 4-80 



and storage of contammated sod Aternatwe 4 may create an ad&Qonal hazard for workers by 

decreasmg the stabhty of the sod matm Alternatwe 1 has the potentml to affect workers only 
through exposure to contammants m groundwater Because there is no source control or 
remedmbon for Alternatwe 0 there should be no adbbonal nsks to workers 

The short tern nsks are expected to be greatest for Alternahves 5 4 and 3 

should have m a l  nsks and Altername 0 and 1 should have no ad&bonal nsks 

Alternatwe 2 

4 4 6 Implementabhty 

None of the alternatwes should h u t  future remedmbon If it is deemed necessary by the 

regulatory agencies In addbon Altematms 0 4 are not expected to have admmstratwe 

ddXculhes before the alternatwes can be mplemented at the site Altematwe 5 may requne 
ad&Uonal lead tune for agency approvals 111 either a RCRA dehstmg process or Endangered 

Species Act consultabon process 

Groundwater momtomg is required for all of the alternatwes as long as the contarmnant 

concentrabons are above the PRGs and the agencies beheve there is a cause for concern at the 

site Vapor momtomg wrll be conducted for Alternatmes 2 3 and 4 to optunue the SVE 
system and d e t e m e  replacement rates for the GAC umts Vapor and ra&ologrCat momtomg 

wdl be conducted for Alternatme 5 to m&cate health nsks to workers 

There may be techmcal problems with Alternatwes 2 3 and 4 For SVE and groundwater 

extrachon to be effectwe the wells should be located near or 111 the DNAPL source Otherwise 

the technology is dependent on the passive parbbomng capabhty and rate of the compound In 
ad&bon the mechamcal mmer 111 Alternatwe 4 homogems the sod whch can decrease the 

cohesiveness of the sod The decreased cohesion may result m mstabhty slumpmg, and 

decreased -&on for gettmg to the site and m s W g  gmundwater momtomg and extracuon 

wells Alternatwe 4 may also requne specnl traumg to operate the rmxlng equipment because 

of the propnetary technology Alternatwe 3 may requne specnl tramng from the vendor on 
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opembon of the RF antennae before it can be mplemented 

Alternatives 0 and 1 can be mplemented mmedmtely whde the remammg alternatwes may 

requue 6 months before they can begm treatment of the pnmary contaminant source Alternatwe 
3 is avadable through specmlwd vendors and Alternatwe 4 is a propnetary treatment the lead 

tune necessary before treatment can begm for these alternat~ves may be longer than the ongmal 

estmahon 

Because of the lack of lead tune necessary for mplementaaon Alternat~ves 0 and 1 am expected 

to be the easiest to mplement of the alternatwes Altematwe 0 can be unplemented m h t e l y  

once it is approved however it is not expected to be easdy approved because of the nature of 

the site Alternatwes 2 and 5 should be easrly mplemented but may requlre a SIX month lead 

tune Alternatwes 3 and 4 may requm spec- t m m g  and add~t~onal lead tune to procure 

the equipment from vendors Alternatwe 5 could requue substantd tune to mplement because 

of two facts 1) If the preble s meadow jumpmg mouse becomes Federally protected the 

consultaQon process under the Endangered Species Act wdl be requmd The process could 
requue a biologml assessment m adQbon to mbgabon measures 2) Sods whch are treated 

could be dehsted under RCRA for onsite Qsposal The dehtmg process could requue two years 

for agency review and approval 

4 4 7  

The total costs for the alternatwes are hsted m Figure 4 1 Alternatwe 5 has the largest cost 

pnmanly because of the large volume of sod that would requue excavabon treatment, and 

&sposal The costs for Altematwes 1 and 3 are comparable Alternatwe 2 s cost was less than 
Alternatwes 5 1 and 3 Alternatme 4 has hgher capital costs but due to the hgher O&M cost 

of SVE Alternatwe 2 has a hgher total cost than Alternatwe 4 Alternatwe 0 was the least 

expensive because it mvolved only the mstallabon of momtonng wells and the assocliifed 

momtonng a&viUes 
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$14 OOO OOO 

$12 OOO OOO 

$10 OOO OOO 

$8 OOO OOO 

SaOOOOOO 

$4OOOOOO 

s2OOOOOO 

so 

Costtlement Alt 0 Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 

capital $63 800 $63800 $925600 $1 843600 $1 781400 $9034500 
O&M $0 $5761 20 $5287700 $479820 $3 113000 $3 113000 
Post Closure $1 740 400 $1 740 400 $833 300 $918 700 $1 120 700 $1,122 100 
Total Cost $1 80420 $7,565400 $7046600 $7 560500 $6015 100 $13 269600 

Alto A l t l  Al t2  Alt3  A l t 4  A l t s  

Fqgure 4-1 Summary of R e m a  Acbon Alternatrve Costs 
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B10 INTRODUCTION 

Append= B presents the results of a subsurface solute transport model of the OU 1 site The 
purpose of the model is to provide a basis for residual nsk calculabons and design calculahons 

for the feasibhty study In thls appenk the followmg topics are discussed the 

hydmgeologcal conceptual model of the site the framework of the corresponhg numencal 

model the results and prtxhmons of the model and a quahtabve discussion of model 

uncertamty Tables and figures are mcluded m the back of thls appendm after the references 

a 
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B 2 0 HYDROGEOLOGICAL CONCEPTUAL MODEL 

The OU 1 conceptual model descnbes the pnmary processes that control the movement of 

solutes m the subsurface Such processes mclude groundwater flow rates and dmxhons solute 

release rates and tmmg recharge and dwharge rates &spersion depdahon rates and 
adsoxphon 

The groundwater flow system beneath the Mside at OU 1 is descnbed m d e w  m the Phase III 
RFI/RI (DOE 1994) The followmg descnphon is h t e d  to features at IHSS 119 1 that are 
mcopmted mto the flow and tmnsport model of the site IHSS 119 1 is where most of the 
observed contammhon at the site is located 

Groundwater flow beneath the Mside occurs m shallow colluvial alluvral and bedrock umts 

with most of the flow concentrated m the mlluwum and alluvium (DOE 1994) Groundwater 

flow tends to be focussed m areas of thck colluvium whch generally correspond to topographic 

features The h c k  colluvium is probably produced by deep bedrock weathenng m the area 

The weathenng is assumed to be caused by oxygenated water mfiiltratmg the bedrock located 
beneath streambeds 

Site data from Volume IV Appenduc A of the Phase III RFI/RI (DOE 1994) supports the theory 

that thck colluvium IS found beneath streambeds The vertml W o n  of the French Draun from 
Stahon 16+0 to 16+50 shows a thck band of colluvium beneath the dramage and the shear 

plane as conformmg with the bedrock channel Thls shear plane may cornspond to the depth 

of bedrock weathenng Therefore there may be a xelahonslup between the depth of weathenng 

and sod volume affected by slope mstabhty 

One hydrologc dramage that extends upslope mto MSS 119 1 illustrated m Figures 3 23 and 

3 24 of the Phase ID RFI/RI (DOE 1994) is where most of the groundwater m the vicmty of 

MSS 119 1 flows Site data mhcate that it has a thck band of colluvium Therefore it is 

assumed that groundwater is generally channeM along hydrologc dmnages a 
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Recharge and Qscharge vary m the shorttenn at the site pnmanly because of the low 
groundwater volume and its large dependence on d a l l  events and mfiltrabon However an 

average rate of recharge or chscharge can be calculated from dtrabon equabons and long term 

precipitabon averages from site data or m r d s  from the Nahonal Ocean~c and Atmosphenc 

Admmstrabon No site p d i c  calculahons or field measurements of mharge or Qscharge are 

avadable 

0 
I 

Recharge to groundwater is assumed to occur from mterflow and bedrock flow from the Rocky 

Flats alluvium and is sigmfkantly affected by the low pemeabhty of the colluvium and 
alluvium at the site Recharge is decreased dumg and con&bons and hgh d a l l  events 

because of the lowered ddtrabon capaaty and permeabhty of the soll Smdarly it is 

mcreased dumg sprrng and fall when the sod has a greater mfiltrabon capacity 

Groundwater &scharge is assumed to occur due to the low pexmeabbty and moisture content 

of the sod and the low flow con&Uons caused by the and clunate at the site It occurs as 

evapotranspmbon and flow mto Woman Creek (Fedors et al 1993a and 1993b) Flow rnto 

Woman Creek is mQcated by calculated hydraullc gmhents of the site and the theory that the 

groundwater follows topographc features 

The pnmary source of contammbon is assumed to be located m the subsurface sod at MSS 

119 1 Dumg the 1960s and 1970s drums c o n m g  volatde orgaxuc compounds (VOCs) were 

stored at IHSS 119 1 (DOE 1994) Probable releases from the drums may have resulted m a 

residual DNAPL m the subsurface sod The residual DNAPL phase has not been directly 

observed but is m&cated by hgh conmntmbons of VOCs m the areas near Well 0487 Well 

4387 Well 4787 and Well 5587 The drums are assumed to have started leaktng then contents 

mto the sod m 1970 although it is not specdidy known at this tune The pnmary groundwater 

release mechatllsm is assumed to be QssoluUon of residual DNAPL assisted by mfidtrabon 

The transport of contarmnants m groundwater is controlled by groundwater duechon and 
flowrate Other processes that affect contammant fate and transport are hydrodynamic e 
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Cltspersion degmdabon and adsoqbon Hydrodynamic Qspersion is smulated usmg 
Cltspersivity groundwater velocity and molecular drffusion Degradabon rates and sovbon 

properbes for VOCs are &cussed and rqpaed the Phase III RFI/RI (DOE 1994) 
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B30 MODELF'RAMEWORK 

The computer smulabon code TARGET-2DU (Dames & Moore 1985) was used to smulate 

contarmnant transport m the subsurface TARGET-2DU is a vertnlly onented two 

dmensional fmte Merence model that can smulate varrably satumted condlaons For the 

purposes of thu CMS/FS TARGET-2DU was meddled to smulate a source with a constant 
concentrabon 

Because the model is two dmenslonal it cannot smulate dlspersion (spreadmg) transverse 

(peqendlcular) to the model secbon Therefore the modeled dlspersion m the plane of the 

model wdl be greater than the actual Qspersion Consequently the model is consematwe and 

wdl overestlmate dlspersion because it does not account for spmdmg of contarmnants m 
transverse to the model plane 

The model gnd as shown m Figure B 1 is 296 homntal cells by 170 vertml cells It has 
approxmately 25000 actwe cells The gnd was designed to capture detculs of the 

bedrocwcolluvium mterface and topography to accurately smulate the vadose zone and to 

rmnrrmze errors caused by numencal dlspersion The locabon of the -on of the model is 

shown m Figures B 2 and B 3 and cornsponds to the trough of ~ c k e r  colluvium at MSS 

119 1 

m 

Two cntena are used to ensure m m a l  numencal dlspersion the Peclet number and the 

Courant number The gnd Peclet number is the rauo of gnd spacmg (length of a cell side) to 

dlspersivity To rrrrmrmze numend dlspersion the Peclet number generally should be less than 

or equal to one For ths model dupersivity is much larger than cell lengths so the Peclet 

number is much smaller than one The gnd Courant number is the mbo of tune step mterval 

to groundwater travel tune across a cell SJmrlar to the Peclet number the Courant number 

generally should be less than or equal to one Because of low gradlents and hydrauhc 

conducbvibes and moderate soqbon the Courant number for thls model 1s much smaller than 
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The dstnbubon of boundary con&bons and sod types are shown m Figures B-4 and B 5 Sod 

pmperhes degradabon rates, and adsomon dwtnbubon coeficients for the COCs are hsted m 
Tables B la and B lb  The degradabon rates used m the model were the maxllllum values hsted 

m the Phase III RFI/RI (DOE 1994) and they reflect the slowest anbcipated degmdahon rates 
at the site 

Figures B 7 through B 12 show the dationshp between relatwe satumbon relatwe hydraullc 

conductmy and pressure head as specfied m the model Calculated relahve hydrauhc 
conductwity refers to values calculated by Fedors et al(1993b) usmg Van Genuchten s equabons 
relatmg pressure head relatwe satumhon and Elabve hydraullc conductwity (Van Genuchten 

1980) The curve for colluvium is based on site data (Fedors et al 1993b) as mdicated m the 

figure The curves for bedrock and alluvium m the Woman Cnxk drarnage are based on 
ma ted  #1 and m a t e d  #2 respectwely m Table 3 1 of Fedors et al 1993a 

Each sod type is assumed to be homogeneous witlm the type and heterogenous between types 

Therefore heterogeneity m the model 1s IIrmted to the colluvium, alluvium, and bedrock layers 
These hthologes have been idenflied and defined dumg the site charactenzabon actwibes 

Fractures III the colluvium resultmg from slope mstabhty are assumed to be healed, so that 

fractures do not provide preferentd flowpaths It is assumed that most mstabhbes do not occur 

unless mmted by human acbvibes and that If actwe slumpmg probably occurs at an 

mpercephbly slow rate If these observauons are correct then Cfiscontmuiaes (fractures) caused 

by mass movements would heal quickly m the easdy deformed colluwum llus is suprted by 

the lack of drstmct features typically assocnted with slumpmg i e drscontmuibes such as 

tension cracks at the upslope end of a slump The lack of such features is assumed to be due 

to the slow rate of movement and to the characterrst~c deformabfity of colluvium 

For the French Dmn a constant head cell of 5876 2 ft (1791 1 m) was set at the bottom of the 

d m n  to sunulate flow to the drsun as shown m Figure B 5 The extracbon well was smulated 

m the Same manner but with an elevahon of 5910 2 ft (1801 4 m) These elevabons were set 

shghtly above the mterface between bedrock and colluvium m a t e d  based on the assumpoon e 
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that the French and extmcbon well could not draw groundwater down to the mterface 

If thls happened the saturated thtckness would approach zero and the flow would decrease to 

zero Smulabons usmg the French D m  and extracbon well are Qscussed m detad m followmg 

0 
I sechons 

The bottom of the model was selected to be somewhat lower than the elevabon of Woman Creek 

whch is considered to be the ultmate &scharge pomt for groundwater at the site The French 

Drarn is currently the assumed groundwater &scharge pomt but was not mcluded m the model 

to decrease the complmty of the site Because flow rates m the bedrock are much lower than 

those m the colluvium the model IS not very sensibve to the locabon of the colluvium bedrock 

boundary 

The pnmary contammant source was smulated usmg a constant concentmbon boundary 

conQbon based on the assummon that a slow Qssolubon of residual DNAPL is the source of 

groundwater contammbon The source cell shown 111 Fgure B 5 IS located at the mterface 

between bedrock and colluvium m a t e d  m the model where elevated concentrabons of 
contarmnants m groundwater have been observed Because the sod are fine gmned and have 

low permeabhty the hkehhood is small that there is a large contmuous and mobde DNAPL 

present In support of ths conclusion the followmg hypothetml cases are considered 

0 

0 HvDothetd Case 1 Large spdl of DNAPL caused observed contammabon Spdl 
would spread over a large area because of the low permeabhty sod DNAPL would 
penetrate only shallow sod due to spreadmg and reduced DNAPL source hydrauhc 
head Large &ssolved concentmbons would be observed over a wide area relabve to 
the spill locabon 

HvDoth e b d  Case 2 Small e p i d c  spdls of DNAPL caused the observed 
contamnubon DNAPL would penetrate further mto low permeabhty sod than Case 
1 However penetrabon would be zlrmted due to the source s low hydrauhc head 
DNAPL would rapidly acheve residual saturabon as source head is Qssipated Large 
Qssolved concentrabons would be observed over a small area relabve to the spill 
locabon 

0 The descnpbons m the hypothebcal cases above are based on mformahon presented by Cherry 
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et al 1990 Case 2 is consistent with the large VOC concentrahons observed m a h i t e d  area 

at IHSS 119 1 It is also consistent with how the site was used hstoncally i e as a drum 

storage area rather than for achvihes m whch solvents were mvely used and spdled at the site 
Based on considerahon of these two cases and on the measured concentmhons at the Uside 

the most Teasonable situahon is that the source m the subsurface IS an m o b d e  residual 
DNAPL 

0 

Because sod mstabhhes have been documented at the OU 1 area (DOE 1994) the colluvium 

and bedrock mvolved m the movements is potentdly fractured To flow mto a fracture or pore 

DNAPL must overcome the &splacement pressure requwA to &splace water (Cherry et al1990) 

whch is the wettmg phase at the site Therefore DNAPLs would be less suscephble to flow 

m fractures where water is present In adchon as the fracture aperture decreases, more DNAPL 

head is required for flow to occur mto the fracture The same pmciples apply to fme gratned 
sod as well DNAPL lf present at the site would be found m larger fractures and more coarse 

gmned sod (Cherry et al 1990) 

For sigtllficant DNAPL movement mto fractures the fractures must be interconnected or m 
dmct connechon with a large volume of DNAPL Fractures m claystone and srltstone are 

typically of small extent few m number and poorly connected Therefore it is not hkely that 

si@icant DNAPL movement mto fractured bedrock has occurred at MSS 119 1 

Figure 5 10 of the Phase III WRI (DOE 1994) shows the probable situahon at OU 1 with 

regard to DNAPL with the excephon of (1) a pool of DNAPL m the colluvium and (2) 
movement mto bedrock fractures The first excephon based on Case 2, is that the spdl must 

have been small and episdc whch would not have resulted m a large mobde saturated pool 

The second excephon based on the previous Cllscussion regadng DNAPL flow mto fractures 

and pores is that the DNAPL volume would have to be large to cause such a movement 
otherwise the dnvmg DNAPL head would not have overcome the Cllsplacement pressure In 

adchhon the fractures would have to have been well mterconnected 
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Based m part on the o s c w  behavior of observed wncentraUons m wells at the site the 
source is assumed to release solutes on a pendc basis i e release occurs at the solubhty h t  

for a DNAPL for SIX months of a year and does not occur the r e m w g  SIX months Therefore 

the source switches between an actme and an mactrve state This concept is also consistent with 

the probable conf@rahon of the residual DNAPL Much of the DNAPL may be above the 

saturated zone dunng dry conhbons so that hsolutron wdl not occur and there IS no nugrabon 

to groundwater As wetter cond&ons prevd however, &ssoluUon of the residual DNAPL 

would occur as it contacts groundwater 
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B40 CALIBRATION 

The model was dbrated usrng steady state flow for the tune pnor to the mstallatron of the 
French D m  and transient flow from the tune of the French Dram mstalla~on to the present 

The flow dbrabon is assumed to be consematwe because the model always assumes flow 

occurs whereas there are many areas and tmes of either no flow or low flow due to the and 

clunate (DOE 1994) 

The cahbmhon p d u r e  was qdta twe due to a lumted number of wells for companson Th~s 
is a commonly accepted method of cabbrabon parbcularly when observatxon data is scarce 

stat~st~cal measures and automated techmques requm a moderate to extensive data set to produce 

meamgful and useful results For ttus study several dbrabon targets were used to enhance 

model rehabhty such as water levels, calculated gmhents and COC concentrabons Parameter 

values used III the model he w i h  measured or probable ranges 

The pmary goal III dbratmg the flow porbon of the model was to match the observed and 

calculated hydrauhc gmhents between Wells 4387 to 0487,0487 to 4787 and 4787 to 5587 to 

determme lfthe model accurately smulates advemve transport rates Tables B 2a through B 2c 

wluch can be used for comparatwe purposes hsts observed and smulated gracbents for these 

well pavs As mhcated m the tables between Well 4387 and Well 0487 and between Well 

0487 and Well 4787 the smulated hydrauhc grahent is between the rrrrmmum and maxunum 

calculated gm&ents based on site data Therefore, downgrachnt of the French D m  and 

between the source and Well 4787 the model accurately smulates average adv-ve transport 

tmes Between Well 4787 and Well 5587, the smulated hydrauhc gmhent is smaller than the 

m m u m  calculated grahent based on site data 

Between Well 4787 and Well 5587, the model smulates lower advectwe transport rates than the 

calculated rates that were based on site data However smce the model overestmates the water 

level m Well 5587 the smulated gra&ent between Well 5587 and Woman Creek is Uely hgher 

than actual Thus modeled COCs may be transported more rapidly than actual COCs between e 
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Well 5587 and Woman Creek l l u s  would tend to offset the slower transport rate smulated 

between Well 4787 and Well 5587 1 @ 
One parameter that was the focus of the dbrabon is the areal dwharge rate To achleve 
dbrabon a net areal &scharge of 2 96 m/yr from the water table was used A net recharge 

to groundwater yielded a smulated potenbometnc surface aboveground whch is not observed 

at the site The other focus of the flow cahbrabon was determmng the hydrauhc condumvity 

of the vanous sod specdied m the model The selected values he withm measured or probable 

ranges 

A secondary goal of the flow d b m o n  was to match smulated and observed water levels 

Figures B-13 through €3-16 show smulated and observed hydrographs for Wells 0487 4387 

4787 and 5587 nxpctwely Although the model generally overestmates water levels the 

overall hydrauhc gm&ents and therefore Daman transport velocihes are comparable to those 

observed at the site 

The flow mass balance pmvides a measure of how well the model is dbrated Discqancies m 
1f1 the mass balance generally should be smaller than 5% especdy for groundwater flow, 

otherwise errors m the flow do- may adversely affect subsequent transport smulabons As 

dlustrated m Figure B 17 the percent &scrqmcy between smulated Mows and outflows 

ranges from about 17% to 4% Large changes m mass error are related to changes m 
hydrauhc con&txons such as the smulabon of ex-on wells Dunng these changes m 
hydrauhc conhbons Werent or new stresses wdl cause tempomy and sometunes large changes 

m ground water flow Thls typically causes the mass error to change As the flow domam 

b e p s  to adjust to the new change the mass error wdl decrease 

Mass error is related to model slze and complemty In general as models become larger or 

more complex the mass error becomes larger Larger models mvolve more calculaoons so that 

the net error bemg a sort of sum over the actwe model cells wdl tend to have a larger error 

For example m a model havmg 10 constant head cells the flows m and out of these cells a 
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depends on the head smulated adjacent to them Thus the flow to or from each constant head 

cell can vary and result m some mtnnsic mass error m flow caused by the numencal 

approxmabon and Implementahon of the smulabon code Given the same number of closure 

cntem smdar models with twice as many constant head cells have generally the same or hgher 

emr  than for a model with fewer constant head cells "Ius is due to the summabon over the 
constant head cells However the larger model may converge just as well as the smaller one 

even though the emr  is larger 

, 

A smllar effect is commonly observed for models with greater complemty A model with more 

vambon M hydrauhc conductwity for example wdl typically have greater error p e n  slrmlar 

closure cntem Th~s is caused by the greater complexity m the mtemlaoonshlps between 

model cells than between boundary cond&ons Even with a larger error more complex models 

may be as well converged as smpk models due to the complex mtemlabonshqs between cells 

Another commonly observed phenomenon is that subdomms withm the model may be very 

well converged whrie other ateas are modemtely to poorly converged AS long as the 

moderately to poorly converged patts are not M areas of specfic mtexest then the model 

generally can be considered converged adequately for pract~cal purposes This is possible 

despite the appearance of poor convergence or mass balance 

0 

The rrrmtmum acceptable error depends on the model s slze and complexity with a larger error 

bemg acceptable for larger or more complex models The OU 1 groundwater flow and transport 
model is large and somewhat complex Therefore the mass errors depicted 111 Figures B 17 are 
considered acceptable 

Convergence of the model with ~ g a r d  to flow rate and duechon was good e&bitmg monotomc 

behavior as mdcated m Figure B 18 The figure shows the normalrzed sum of the absolute value 

of mass error over all aave model cells for a l l  tune steps To normahze the sum each value 

was dvided by the maxltnum absolute value of the sum so that a l l  values range between zero 

and one For transient flow calculabons the sum deCFeases from an mtnlly large value for a 
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each tune step showmg the monotomc convergence of the model at each tune step Th~s results 

m the sawtooth pattern m Figure B 18 The ntml flat part of the curve m Figure B 18 0 
I 
I corresponds to the fust part of the transient transport calculabon when steady state flow is 

specsled Transient flow calculahons start at about the 400th iterahon where there is a spdce 
m the sum 

After cahbmttng the steady state flow transient transport smulahons were done for each 

contammint The same trial and error techmque was used m dbrabng the transport model 

The pnmary parameter changed dumg the transport cahbrahon was the trme that the source 

become achve and 1I18cfive Smulahon of a conttnuous constant concentrabon source resulted 

m excessively and umahshcally large concentrabons at all observahon pomts Pnonty m 
cahbratmg to Well 0487 was selected because it is closer than Well 4387 to pomts of 

demonstmuon whch are located lIllfnedlilfe1y down-ent of the French Dmn and pnor to 
discharge mto Woman Creek Also smulakd concentrabons that exceeded observed 

concentrafions were preferred 111 the model to make it more conservahve 

Transport smulahons started with the steady state flow field conbnued for 20 years then e 
mcorporated the French Dratn and extramon well as shown 111 Figure B 6 Each transport 
smulahon was dbrated m a manner s m h r  to that used for the flow cahbrabon Figures B 21 

through B 30 show breakthrough curves for each of the COCs, with observed concentrahons for 

compmson Three key components of the transport dbrabon are shown m these graphs 

0 COC concentrabons are always overprahcted by the model The mphcahons of thls 
are (1) estunated exposure concentrahms are conservabve because they bound 
observed concentrabons (2) alternate source locabons and con&bons (such as a 
source located somewhere outside the plane of the model or a source with a Merent 
release mechamsm such as r n s i o n  from fractures m bedrock) am mdmctly 
accounted for by the model a Merent source IS e e l y  to result m hlgher pnxhcted 
concentrabons (3) spmdmg of a soufce caused by degradabon and subsequent 
generabon of a COC along a flowpath is also accounted for by the model because the 
estunated concentrabons are much hgher than actually observed (4) p d c b v e  
smulahons overestunate COC concentrahons because they are based on the same 
concepts as the calrbrated model, and (5) If the model was more reahsbc the 
smulated concentrahons would be smaller and more consistent with observed data 
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whch would translate mto smaller concentrahons under the p d c h v e  smulahons 

e 

e 

The model sunulates relahvely well the oscdlatory behavior observed m actual 
concentrahons a s  supports the concept that the source pen&cally releases solutes 
and that the tmmg is related to seasonal vanahons m clunahc con&hons 

The model accurately p d c t s  the effects of the French Drarn and the extrachon well 
The nse m smulated 1 1-DCE and 1 1 1 TCA wncentrahons m Figures B 27 and B 
25 respe&vely that occur around 1992 is caused by sunulatmg the operahon of the 
French Dram whch started constfuchon m November 1991 and fmshed m Apnl 
1992 The nse m concentrahons is caused by the mcreased hydraulic @ent 
resultmg from the mstallatton and operahon of the French Dmn whch pulls 
groundwater more rapidly towards Well 0487 The smulated concentrahons begm 
decmmg around 1993 when the extracbon well started operatmg The gradrents are 
reduced when the extramon well is smulatexl because it pulls groundwater away from 
Well 0487 The observed concentmhons vaty m the same manner The sundanty 
between the model and observed vamhons m concentrahons leads to the conclusion 
that the observed vanabons are caused by the mstallahon and operahon of the French 
Dram and extramon well That the model smulates thls behavior underscores the 
conclusion that the model IS an accurate and adequate representahon of site con&hons 
The sp-g effect caused by the French Dram is observed m all COCs 

The last component of the modehg addresses the issue of a mobde DNAPL Because the 
model provides a sunple and plausible explanahon for observed spdces m VOC concentrahons 

and the exlstmg site data do not suggest its presence it is assumed that one does not exlst 

As with flow the COC mass balance pmvides a measure of how well the model is converged 

Discrepancies m the mass balance should be smaller than 10% The percent mass error for 

TCE depicted m Figure B 19 is calculated by usmg the mho of the mass error to the total 
solute mass m storage The c h g e  m relahve error at about 1992 is caused by sunulatmg the 

French Dram and m 1993 by the extramon well Percent error ranges from nearly 0 to 5 5% 

whch is acceptable for the model 

The transport convergence is moderately good ehbitmg monotomc behawor as m&cated m 
Figure B 20 The plotted sum value is calculated the same as the sum value for flow The 
spdces at larger itemhons correspond to changes m boundary condlfions 1 e the smulabon of 0 
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the French D m  and extracton well ' lks  behavior m c s  the observed behavior for mass 

error and is caused by the same effects Some oscrllatory behvior is observed however 

because the transport calculahons mpidly converge at each me step Thls is typical for 

transport calculahons The oscdlatory behavior is caused largely by the sue and complex nature 
of the model 

~ 
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B50 RESULTS 

Thls sechon presents a &scussion of the results of the d b m t e d  flow and transport model (often 

r e f e d  to as the basehe dbrated model) From the cahbmted steady state flow smulahon 

lllustmted m Figure B 31 groundwater flow rates and W o n s  can be obtamed Figures B 32 
through B 34 show the effects of the French Drarn and extracbon well on groundwater flow 

The French Dram and extramon well both draw down the water table resultmg m drawdown 

cones that extend upgmhent mto IHSS 119 1 As expected, the drawdown cones are 

asymmetncal due to the slope of the water table The effect of the French Dmn and extrachon 

well on COC transport was drscussed m S-on B 4 0 

A water budget accounts for the flow mto and out of the model domam Steady state flow lnto 
the model domam is simulated to be about 2 09 @/day (0 059 m3/day) mostly from the Rocky 

Flats Alluvium Discharge from the model occurs as evapotranspnahon and flow to Woman 
Creek Evapotranspmhon is estunated to be 0 59 @/day (0 017 m3/day) and flow to Woman 

Creek is estmated at 1 76 @/day per foot of creek bed (0 1635 m/day per m) Observed flow 
m Woman Creek is hghly vanable @OE 1994) however the average for M a y  1990 and 

September 1990 is about 13 @/day (0 368 m3/day) with a range of 2 16 ff/day (0 061 m3/day) 

to 23 76 @/day (0 673 m3/day) Because the model represents average long term con&bons 

and the observauons are hgbly vanable the modeled flow 1s considered to be comparable to the 

observed Condlfions 

@ 

Under transient con&hons smulated flow mto the French Dram is about 0 0144 @/day (4 078 

x lo4 m3/day) per foot of dram and flow mto the extrachon well is about 0 173 ft3/day (4 90 
x 10 m3/day) Measured flow mto the French Dmn represents flow from most of the site 

malung it Micult to compare the model and observed measurements because of the large 

amount of flow that ongmates fkom the Buddmg 881 footer dram However measured flow 

lnto the dmn is about 673 75 @/day (19 08 m3/day) Assurmng that the &stance over whch 

the model represents groundwater flow as 1 435 ft (437 4 m) then the net smulated flow lnto 

the dmn is 206 86 @/day (5 86 m3/day) For the extrachon well measured flows average e 
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0 225 @/day (6 37 x lo3 m3/day) whch are very smlar to that smulated by the model 

Results of transport snnulaQons for PCE are d~scussed m detad m the followrng pangraphs 
Results of other COC sunulaQons wlll not be d~scussed because the compounds tend to behave 
similarly 

The modeled PCE plume after 22 @re French Dram) 23 26 and 28 years IS shown m Figures 

B 35 through B 38 The plume moves downgrahent slowly at a rate of about 0 061 ft/day 

(0 0186 m/day) and appea~~ to penetrate a small &stance mto the bedrock The majority of 

movement is m the colluvium due to hgher groundwater flow rates Some rmgrabon m the 

vadose zone is also smuhted correspondmg to dispersion m sod moisture 

After 24 years the French Dram and extrachon well have a sigmfkant effect on the plume as 

shown by Figures B 37 and B 38 and Qscussed m S m o n  B 4 0 regardmg dbmhon  The 

extracoon well pulls the plume back toward IHSS 119 1, and the French Dram captures the 

plume trapped between it and the extracuon well 0 
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B60 SENSITIVITY 

Sensitmy analyses are used to assess the response of a model to changes m p f i c  parameters 

Parameters that edb i t  a large sensitmty or response are those for whch small changes result 

m widely vanable response Values for sensitrve parameters m a dbrated model are generally 

considered to be more ce- because there is only a small range M the parameter s values over 

whch model cahbrauon can be acheved 

The method used m th~s study mvolved changmg a parameter value 111 the cahbrated flow and 

transport model re-executmg the model and recordmg the response The vanabon m PCE 
concentmuon at the French Dram demonstrabon pomt was used to assess model response The 

parameters m the sensitwity analysls were selected based on their probable sensitwity The 
selected parameters were porosity, decay rates adsoqbon and hydrauhc conductwity because 
each has the potentd to drrectly affect transport rates and slDlulated concentrahons 

Other parameters were not selected because they are less hkely to affect smulated 
concentrahons For example the density Merence at the source for PCE is calculated to be 
0 015 % whch is far below the generally accepted cntem of 1 % (Machy et al 1985) used to 

assess the mportance of density coupled flow and transport The density Merence is calculated 

by assummg that 150 mg/L of a compound meant that the density rat10 of the compound to water 

was 150 1 OOO OOO Therefore the density Merence is 0 015% 

Table B 3 hsts the changes m parameten that were made to assess model sensitwity Figures 
B 39 through B-46 dlustrate the results of each smulafion and the percent ddference 111 

concentmbon relatwe to the baselme cahbrated model Each parameter is Qscussed m the 

followmg paragraphs 

The results of the sensitmty analysis for admpbon are shown m Figures B 39 and B-40 The 

first figure shows the results of the two sensihvity cases and the basehe dbmted results for 
companson The second f i g u ~  shows the percent Merence m PCE concentrahon relatwe to a 
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the basehe cahbrated model As tune progresses the sensibvity with respect to adsorphon 
decreases In al l  cases the shapes of the curves e h b i t  an exponentml foxm, whch is due to 

the mclusion of decay m the analyses 

0 
I 

Changes 111 adsorpbon cause a constant SM m a breakthmugh curve Such a duft wdl result 

m a bell shaped merence curve and when oveqnnted with decay the bell shaped curve is 

also slufted ~ t l  the vertrcal -on Thrs e x p h s  the fom of the curves for adsoqhon 

Greater adsorpbon results m smaller smulated concentrabons Smaller adsorpbon results 111 

larger smulated concentrabons The sensmvity of a d w o n  decreases with tune as decay 

b e p s  to have a si@cant effect on COC concentrabons In both cases the concentrabons 

approach but never equal the baselme concentrabons due to the ovemdmg effect of the decay 
rates 

In the decay sensibvity analysis decay was not smulated so the sensibvity mcreases with tune 

as shown m Figures B-41 and B-42 If decay had been set to a value smaller than that m the 

basehe model the opposite sensibvity would be observed The smallest Wexences occur for 
tunes less than 10 half hves "Ius is because smaller amounts of decay are smulated at shorter 

tunes 

0 

The porosity sensibvity as shown 111 Figures B-43 and B-44 is sunrlar m form to adsorpbon 

Changes 111 porosity result 111 slower or more rapid transport tune and when compounded with 

decay the breakthrough curve is shifted laterally and vextmlly Meamng€klpercent Mezences 

do not start untd about 1973, when nobmble breakthrough b e p s  Concentrabons at the onset 

of the model represent extremely small values of concentrabon whch may be due to numend 

Qspersion The actual conwntrabon is zero but the modeled results and hence the Merence 

curve are not zero at the onset "Ius phenomenon affects most of the sensibvity results at the 

onset of the model 

Changes 111 hydrauhc conductmty affect transport rate and dupemion (Figures B-45 and B-46) 
Conceptually two breakthrough curves for the same model with only M e m g  hydraulic 
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conductwity should result m slrmlar breakthrough curves with varymg verhcal and honzontal 

offsets For the case m whch hydrauhc conductwity was decreased the response was smaller 

because the change m conductwity was smaller relatwe to the basehe cahbmted value 

Hydraullc conductmty is consistently the most sensitwe parameter m the model 

0 

The order of greatest to least sensitwity of the parame&rs stuhed is 

Kxx > > > Decay > Porosity and Adsorpbon 

with hydrauhc conductmity (Kxx) much more sensitwe than the other parameters The results 

of the sensitmity analysis venfy the theoxetxal analysis of the govemg equabons The analysis 
mdutes that small changes m parameters result m large Merences m concentmhon The 

model is considered robust because only a smaU m g e  of values wrll gve appropmte 

cahbmbon 
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B70 UNCEXTAIN'IY 

Thu smon is a qd ta twe &scussion of uncertambes assocliited with the model In general 
uncertambes can be hvided mto two types The fmt type results from an mmmplete knowledge 

of the system or processes A real system can often be too complex or lack the necessary 
dormahon to be completely understood or modeled without malung smphQmg assumphons 

Parts of the system or processes may also be omitted because they are thought to be less 

mportant than others The second type of uncertamty relates to the values assigned to mput 

parameters used to descnbe the system or processes In &ty, mput parameters are not smgle 

values but vary over a range of possible values 

Table B 4  hsts specfic model assumpbons or uncemty factors that could contnbute to 

vamUons m model p&t%ons The second column of the table gwes the source of the 

uncertamty Not smulated means a malar transport or transformaaon process was not 

considered m the modehg Measurement Error mhcates that there could be some unkaown 

or unmeasured vanabhty or heterogeneity m the correspondmg property 

mdntes that the parameter has not been measured under site specfic con&uons either m the 

field or m the labomtory In the thtrd column Incorrect Flows mhcates that a Merent flow 

could result by a comqondmg change m the parameter The fourth column hsts the relafive 

degree of uncertamty 

Not Measured 

The mmbmaQon of parameters used m the model is not considered to be umque Other 

combmaQons of the parameters may yield a s m h r  result However the parameter values used 

generally he w i t h  observed and accepted ranges and thexefore the model is considered 

representatwe of site con&Qons 
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B S O  PREDICTIONS 

For pnxhchons m whch Le source is not remedmted the source is assum- to be large enough 

to provide an dmte supply of groundwater conhumnabon In such smulabons the source 

concentrabon is held constant throughout the smulabons For pnxhmve smulabons m whch 

the source IS r e m M  the concenmons m a 200 foot area of colluvium around IHSS 119 1 

are set to the appropmte water q d t y  standard For alternabves m whch the French Drarn and 

extramon well are removed the steady state flow con&bons used for the first part of the 

smulabons are re mposed based on the assumpbon that steady state flow IS rapidly re 
estabhshed relabve to the total tune of srmulaUon For all other pnxhmons steady state flow 

is assumed to emst at the begmmg of the pdcUve part of the smulabon i e the French 

Dram and extmmon well are assumed to cmte an essentdly steady state con&bon by the tune 

the pmhcbve srmulabon starts 

Two pomts of demonstrabon are used to show the results of the p d c b v e  smulabons The fmt 

is located on the downgmhent side of the French Dmn about halfway between the water table 

and the colluvium bedrock mtedace (see Figure B 38) The second pomt IS located m e d n t e l y  

upgm&ent of Woman Creek m the alluvium 

@ 

B 8 1 No Amon Scenano 

In Alternabve 0 the French Dram and extramon well are removed but the source is not 

remednted Transport smulabons begmnmg from 1996 and conbnumg through 2028 were done 

for each of the COCs Under thls scemo the plume conbnues to grow with tune because the 

source remms m place providmg a constant release Figures B-47 through B 56 show the 

vanabon of concentrabon with tune at the French Dmn and Woman Creek At the French 

Dram the mstahbon of the dmn and ex-on well cause a &p m concentrabons After the 

dram and well are removed concentrabons begm to mover and menme due to a contmumg 

source and desorpbon At Woman Creek slrmlar results are obtamed however due to the 

longer travel &stance and tune the features of the curves are more subdued and the small &ps 
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m concentrabon are caused by changes m the flow system such as the mstallabon of the French 
Dram upgrahent (m groundwater) of Woman Creek 

B 8 2 Inst~tubonal Co ntrols With the French Dram S c e m ~  

Under Altername 1 the French DM and extrachon well remam m opembon No remednbon 

of the source takes place under thls scenano Transport smulabons begrnntns from 1998 and 

contmumg through 2028 were done for each of the COCs Under th~s scenano the plume is 

drawn to and captured by the extramon well and French Dmn Figures B 57 through B 66 

show the varnbon of concentrabon with tune at the French Dmn and Woman Creek At the 

French Dram the mstallabon of the dram and extramon well cause a &p m concentrabons 
With the dram and well m place concenmons peak for COCs with shorter halfhves 

Desoqhon provides a decreasmg but undecayed source At Woman Creek slrmiar results are 

obtamed with Werences caused by the longer travel &stance 

B 8 3  Remednbo n Scenarios 

Under Alternatwes 2, 3, 4, and 5, the French Dram and extramon well are removed and the 

source is remednted Transport smuWons be-g from 1998 and contmumg through 2028 

were done for each of the COCs For these smulabons a 200 foot stnp of colluvium assumed 

to be r e m a t e d  to the appropmte water q d t y  standard Under thls scenano the plume that 

remams m place after the source IS removed confiflues to move downgra&ent with tune Figures 

B 67 through B 76 show the vambon of concentrabon with tune at the French Dmn and 

Woman Creek At the French Dmn the mstallabon of the dram and extramon well cause a 

&p m concentrabons The curves e h b i t  behavior that is a combmabon of the other sets of 

alternabves i e concentrabons that nse bnefly after the dram and well are removed but rapidly 

decrease due to source remedmbon At Woman Creek smhr results are obtamed with 

Merences caused by the longer travel &stance 
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B90 SUMMARY 

A groundwater flow and contarmnant transport model has been developed and cahbxated for OU 

1 The model was used to smulate and p d c t  confarmnant movement from IHSS 119 1 to the 

French D m  and Woman Creek The results of the model are used rn chctenzmg the 

residual nsk assocrated with each of the remedmbon alternabves 

The model is considered to be conservabve for the followmg reasons 

e The model is two dunensional therefore &spermon (sp-g) transverse to the plane 
of the model is not smulated Thls causes an overestunabon of the COC 
concentrabons 

e The flow dbmtion is conservative because the model always assumes groundwater 
flow occurs whereas the= are many areas and tunes of either no flow or low flow due 
to the and clunate (DOE 1994) 

Concentrabons are generally always overestunated by the model The lmphcabons 
are (1) estmated exposure concentratrons are conservabve because they bound 
observed mncenWons (2) altemate source locabons and conhbons (such as a 
source located somewhere outside the plane of the model or a source with a Merent 
release mechamsm such as dtffusion) are rndmctly accounted for by the model 1 e 
a Merent source is unwlrely to result m hgher p d c t e d  mncentrabons (3) spreadmg 
of a source caused by degradabon and subsequent genembon of a VOC along a 
flowpath is also accounted for by the model because the estmated concentrabons are 
much hgher than actually observed (4) predrcbve smulabons overestmate VOC 
concentrabons because they are based on the same concepts as the cahbrated model 
and (5) If the model were more nxihshc the smulated concentrabons would be 
smaller and more consistent with observed data whch translates mto smaller 
concentrabons under the p d c t w e  smulabons 

The model is cahbmted to average site conhbons for flow and transport with adequate 
I 
I agreement between the model and observed conhbons The model m&cates a good mass 

balance and eabi t s  monotomc convergence whch is mdxabve of accurate calculations The 
model is considered adequate for pnxhchve purposes and representatwe of site conhbons for 
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the followmg reasons e 
0 The hydrauhc grahents smulated m the model are generally withm the range 

calculated usmg site data There€ore advechve transport rates are mhcahve of site 
conhhons 

The model smulates relahvely well the oscdlatory behavior observed m actual 
concentrahons Thls supports the concept that the source pendcally releases solutes 
and that the release is hkely related to seasonal vanabons m clunahc conhhons 

The model appromates the effects of the French D m  and the extmaon well with 
moderate accuracy The nse m smulated DCE and TCA concentrahons that occur 
around 1992 is caused by smulatmg the French Dram The me m concentmuons is 
caused by the mc- hydrauhc gradent resultmg from the mstallabon and operabon 
of the French Dram The dmn begms to pull groundwater towards Well 0487 The 
smulated concentrabons and hydrauhc grahent begm decmasmg around 1993 when 
the model b e p s  smulatmg the extrachon well The extrachon well pulls 
groundwater away from Well 0487 The observed concentrabons vary m the same 
manner The smdanty between the model and observed vanahons m concentraQons 
leads to the conclusion that the observed vanahons are caused by the mstallahon and 
opemuon of the French Dram and e-on well That the model smulates th~s 
behavior underscom the conclusion that the model is an accurate and adequate 
representauon of site condbons The s p h g  effect caused by the French Dram is 
observed m all COCs 

The last component of the modehg mveshgated the issue of a mobde DNAPL Because the 

model provides a smple and plausible explanabon for observed spdces m VOC concentmoons 
and exlstmg site data do not suggest the presence of a mobde DNAPL it IS assumed that one 

does not exlst 

The order of greatest to least sensitwity of the parameters stuhed is 

Kxx > > > Decay > Porosity and Adsorpbon 

with hydrauhc condumvity (Kxx) bemg more sensitwe than the other parameters The results 
of the sensitivity analysis vedy the expectations from a theo~hcal analysis of the govemg 
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equauons The analysls mhcates that small changes m parameters result 111 large Merences m 

concentrabon The model is considered robust because only a small range of values wdl eve 
appropriate cahbrabon 

Three modelmg scemos were smulated representmg Merent alternaves Pmheted results 

for the No Acbon Altemabve mhcate that concentmhons at the French Dmn and Woman Creek 

wdl mcrease to peak concentrabons withm 30 years M e t e d  results for the Inst~tut~onal 

Controls with the French Dram Altemabve m&cate that concentrabons at the French Dmn and 

Woman Creek wdl decrease with tune Peak eoncentrahons occur at the tune of the altematwe s 

mplementauon M e t e d  results for the remedmbon altematwes mhcate that concentratrons 

at the French Dram and Woman Creek wdl mcrease shghtly then decrease with tune Peak 

concentmuons occur withm 30 years 
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Table B-la 
Medm Spedic Hydrauhc Parametem Used m all Contarmnant 

SlmUlatlOnS 

H~dradic parameter I Umts I Bedrock I Colluvium I Alluvium 

Horizontal hydrauhc conductivity ft/d (m/d) 0 06 ( 018) 0 45 ( 137) 6 (1 829) 

Verhcal hydrauhc conductivity ft/d (m/d) 0 06 ( 018) 02(061) 3 (914) 

Specific storativity l/fi 1E-4 1 5E-4 3 5E-4 
(1/m) (3 3E-4) (4 9E-4) (1 1E 3) 

Porosity - 0 35 0 36 0 45 

Density of clean groundwater mg5 1 OE+6 1 OE+6 1 OE+6 

Bulk density ratio I 181 1 5  1 65 

Molecular &spasion W d  1E-4 1E-4 1E-4 
(m2/d) (9 3E-6) (9 3E-6) (9 3E-6) 

40 (12 192) Lonptudmal dispemivity ft (m) 20 (6 30 (9 144) 

Transverse dispemivity ft (m) 2(-) 10 (3 048) 10 (3 048) 

Coefficient for Sr @si) llft (l/m) 0 24 (0 79) 5 58E 2 (0 18) 3 (9 8) 

Coefficient for Sr @si) I 1 0 9  1 22 2 5  

Coefficient for Sr @si) I -0 826 -0 18 -06 

Residual moisture content - 025 0 59 0 1  

Saturated moisture content 0 35 0 377 0 45 

Coefficient for Kr (psi) 1/ft (l/m) 0 83 (2 72) 0 0148 ( 0486) 3 48 (11 42) 

Coefficient for Kr (psi) I 0 41 044 1 93 

Coefficient for Kr @si) 3 10 3 

Mmmum Kr (pa) 0 1  0 1  0 1  

OU 1 CMS/FS Report 
881 W i d e  Area 
February 1995 B 28 



Table B-lb 
Contarmnant-Specdic Modelug Parameters 

Tetrachloroethene (PCE) 

Tnchloroethene (TCE) 

1 1 1 Tnchloroethane (TCA) 

4 34E 7 730 5 150 

3 8 0 E 7  1643 6 1 1 0 0  

3 9 9 E 7  546 1500 
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Table B-3 
Parameters Analyzed m Senshmty Analysls 

I I I 

!3ensit1vlty Analysls Baselme I 
parameter I I Colluvlum I AllWIum I Colluvlum I Alluvlum 11 

Distnbution coefficient (Kd) u m g  4 77 4 77 4 34 4 34 

Distnbution coefficient (Kd) u m g  3906 3906 4 34 4 34 

Half hfe k Y S  0 0 370 5 370 5 

Porosity 0 18 0 225 0 36 0 45 

The ratio of horizontal to vert~cal hydrauhc conductivihes was kept the same for the sensitivity ana lys~  as it was for 
the basehe model runs 
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Model assumpbon 
or mcertamtv factor 

Two-dimensional 
model 

Porous media 

steady state flow 

M a t e d  propertie 
are homogeneous 
w i h  a model layer 

Tmmg of release 

Nature of release 

Table B-4 
Model Asfllmptlons and Uncertamty Factors 

Cause of Uncertrunty 
or model error 

lkee-dmensional 
transport not 
smulated 

~~~ ~~ 

Flow m frachuwr or 
other sec~ndary 
porosity not simulated 

Transient flow is not 
sundated for 
cahbrahon 

Heterogeneity withm 
model layers 

Not well known 

processes other than 
dissolution are not 
modeled 

Probable e f f e c t  on 
model results 

Incorrect spahal 
distnbuhon of 
concentrations and flows 

~~ ~ 

Incomt spatial 
Qstnbuhon of 
concentrahons and fluxes 

Incomt  spatral 
distnbuhon of 
conccntn&ons and flows 

Incorrect spatial 
distnbutmn of 
contammmts and flows 

Incorrect spatial 
dmtnbuhon of 
contammants 

Incorrect spahd 
hstnbuhon of 
contarmnants 

Relahve degree of 
Uncertrunty 

Low Model adequately 
matchw general trends m 
the horizontal behavior of 
the observed plume Model 
i s  Conservative due to 
underestmahon of sp-g 
transverse to model plane 

Low Althoughsllp 
sum faulure planes 
have been mapped (DOE 
1994) it is Uely that such 
potenhal pathways have 
healed and are no longer 
permeable 

Low contarmnanttransport 

become less rmportant over 
long p o d s  of tune The 
model is comervatwe m 
smulatmg contmually 
saturated cxmd~hons where 
d wethng and drymg 
is known to OCCUT 

and f lUCbWhOM IKl flow 

Low Thepnmaqy 
hydrogeolop layers that 

Charactenzed 
affect transport are well 

Low Model is generally 
conservative Observed 
concentrations have 
generally reached a steady 
state condhon suggestmg 
that transport across the 
hllside has acheved steady 
state Therefore knowledge 
of the hmmg of release is 

not rcqu~red to predict 
future condihons 

Low Model is conservative 
and bounds observed 
concentrahons 
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Sorption 

Natural recharge and 
discharge ram 

Decay and 
transformahon 

Porosity 

I)lffusion coefficient 

Not measured Incorrect spatlal Moderate Parameter is 
distnbuhon of based on scale of site thls is 
contarmnante a standard assumphon 

h e a r  sorption Incorrect spahal Low Orgmccarbon 
Lstnbuhon of content of subsurface 
contarrrmants matenals is low 

Not measured Incorrect spahal Moderate Modelis 
distnbution of 
contammants and flows 

sensitive to h s  parameter 

Multiromponent Incorrect spatial Low Model is conservahve 
tiansport not distnbution of 
smulated due to lack contarmnants 
of Slte specific data 

Measurement error Incorrect spahal Low Measurementerror 
distnbuhon of relahvely small 
contarmnants 

Not measuted Incorrect apatlal Low Error IS small and 
distnbuhon of 
contarmnants parameter 

model 1s ~ i h v e  to thls 

size of source Not measured Incorrect spahal 
distnbuhon of 
contamrnants 

I 

Low Modelhasbeen 
&98umcx1 to be ~ i t l v e  to 
source sm (Fedon et al 
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ACRONYMS 

1 1  DCE 1 1 drchloroethene 
1 1 1 TCA 1 1 1 trrchloroethane 

ATSDR Agency for TOXIC Substances and Disease Regstry 

BRA Basehe Ruk Assessment 

CERCLA 
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CNS central nervous system 

Comprehensive Envmnmental Response Compensabon and h b h t y  Act 

DOE Department of Energy 

EE Ecologcal EvdWon 
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FS Feasibhty Study 
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NOAEL no observed adverse effect level 

ou1 OperableUmt No 1 
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PHE Pubhc Health Evaluabon 
PRG prelnnmary xern-on goal 

RAGS 
RCRA 
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RFETS 
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C 1 0  INTRODUCTION 

The Phase III Resource Conservabon and Recovery Act (RCRA) Fachty 
I InvesugauodComprehensive Rnvmnmental Response Compensauon and Lnb&ty Act 

(CERCLA) R e m a  Invesbgabon (RFWRI) at Operable Umt No 1 (OU1) 881 Hrllside Area 

at the Rocky Flats Envmnmental Technology Site (RPETS) mcludes a Basehe ksk Assessment 

(BRA) The BRA is compnsed of an Ecologcal Evaluabon @E) and a Pubhc Health Evaluabon 

(PHE) The results of the complete OU1 PHE are presented m Volume X Appenduc F of the 
F d  Phase IU RFI/RI dated June 1994 Ir>epartment of Energy (DOE) 1994al 

Th~s nsk assessment performed for the OU1 Feasibhty Study (FS) is mtended to calculate and 

document the human health nsks assocnted with OU1 assummg that specdied remedal achons 

are incorporated at the site %s nsk assessment considered the dommatmg carcmogemc nsks 

noncarcmogemc hazards assoclszted contanmants pathways and receptors determmed m the 

PHE and calculated nsk based on contammint levels at the site due to mcorporabon of specfied 

remerllal acuons The three xemedml amon altemabves mclude no amon mntmued use of the 
french dram and extracbon well (msbtubonal controls) and remedntmg the contarmnatron at the 

source (remednbon) 

OU 1 CMS/FS Report 
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C 2 0 EXPOSURE PATHWAYS, AND RECEPTORS OF CONCERN a 
This section discusses the potentral release and transport of chemcals from OU1 ThIs secbon 

I also d~scusses the potentnl receptors of concern and the exposure pathways by whch these 

receptors may be exposed to site contamrnants 

An exposure pathway descnbes a p S i c  envmnmental pathway that can expose an mdIvidual 
to contammants that are onsite or ongmte from a site Five elements that must be present for 

an exposure pathway to be complete 

Source of chemcals 
Mechamsm of chermcal release 
Envmnmental transport medmm 

Human mtake route 
Exposure pomt 

An mcomplete pathway means that no human exposure can occur An exposure pathway is 

considered to be potentdly complete and relevant rf there are potentral chemical release and 

transport mechamsms and receptors identdkd for that exposure pathway 

An exposure route is the pathway through whch a contarmnant enters or mpacts an organum 

There are four basic human exposure routes 

Dermal absoxpbon through contact with sod, surface water or groundwater 
Inhalabon of volatde 0-c compounds (VOCs) or aubome parbculates 
Ingesbon of sod surface water groundwater or food 
External mdnbon If mhonuchdes are present 

As documented m the PHE the pathways that d o m t e d  the human health nsk are associated 

with groundwater contammabon Therefore the pathways considered m thls nsk assessment 

OU 1 CMS/FS Report 
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wdl only consider groundwater contammabon assocmted with the potenhal remednl achons a 
C 2 2  ReceDtorsof Concern 

Receptors that were quant.M.wely evaluated m the PHE were 

Current offsite residents 
Future onsite xesidents 
Current onsite workers 

0 Future onsite workers 
Future onsite ecologcal researcher 

Of these potentd receptors only the future onsite midents and the future onsite workers could 
be sigdicantly exposed to contammants m the groundwater These two receptors and potentnl 

scemos are consematwe smce neither receptor could exposed untd the RFBTS has been 

released for unrestrrcted use The remammg receptors evaluated m the PHE do not have 
signrficant exposure to groundwater and therefore were not evaluated m tlus risk assessment 

Although onsite residences are not consistent with future land use plans a hypothetml future 
onsite resident exposure scemo is evaluated m h s  nsk assessment The future onsite resident 

is assumed to h e  w i h  the OU1 study area boundary at the Woman Creek locabon To use 

the most conservafive scenano for drrect mgesbon of groundwater one of the future onsite 

resident scemos assume that an adequate well water supply exlsts 

A future onsite worker assumed to be an office worker is also quanbtabvely evaluated m thu 

nsk assessment The settmg for the office worker is hkely to have extensive paved areas and 

well marntarned landscapmg It is assumed that mumcipal water would be supphed to the office 

buildmg and therefore the future office worker wdl not drrectly access OU1 groundwater 

C 2 2 1 Future Onsite Resident 

I Contammants that vola* from site groundwater and are released to mdoor a n  through the 

OU 1 CMS/FS Report 
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house foundabon represent a potentdly complete m u o n  pathway to future onsite residents 
Assummg that site groundwater is used withm the household e b o n  of VOCs from mdoor 

water use represents another potentdly complete mhalabon pathway Inhalabon of outdoor 

VOCs is considered msignrficant due to expected dlspersal and ddubon of the VOCs 

0 

Assummg that site groundwater wdl be used withm the future onsite residentd household dlrect 

mgesbon of groundwater contammabon represents a potentally complete pathway Future onsite 

residents also could physically contact contammated groundwater Therefore dermal absorpbon 

of contammants from contact with contammated groundwater represents a potenmy complete 

pathway 

The locaoon of the groundwater contammaoon for the future onsite resident is assumed to be 
Woman Creek 

C 2 2 2  FutureOns lte off ice Workez 

S m e  the mumcipal water not groundwater wdl be used m an office buddmg no k t  
e 

exposure to groundwater IS anucipated for the future onsite worker The only remammg 

exposure pathway is volahuon of contammints from site groundwater and release to mdoor 

a n  through the office buddmg foundauon The a b o n  pathway is then potentdly complete 

for the future onsite office worker Slmllar to the future onsite resident scenario the mhalabon 

of outdoor VOCs is considered mcomplete due to expected & s p e d  and ddubon of the VOCs 

As with the future onsite resident the locabon of the contammabon for the future onsite office 

worker is assumed to be Woman Creek 

a 
OU 1 CMSGS Report 
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C 3 0 CONTAMINANTS OF CONCERN 

Thls secbon identtfies the contarmnants of concern and the contarmnant concentrabons used m 
the nsk calculattons 

C 3  1 Contamman ts Identtfied 

The OU1 PHE (DOE 1994a) identtfied the future onsite adult resident receptor as havmg the 

lughest potentml nsk values for the followmg contammmts 

Carbon tetrachlonde (CCI,) 
1 1 I)lchioroethene (1 1 DCE) 

Tetrachlonxthene also known as perchloroethylene (PCE) 

These nsks were calculated assummg adequate groundwater present and avdb le  for receptor 

use The total nsk values m the PHE for 1 1 DCE CCL4 and PCE respe&vely are 3 8E 2 
2 5E 3 and 1 1E 3 with the dommatmg pathway bemg rngesbon of groundwater for all three 
contarmnants 

0 

The contarmnants with the hlghest calculated noncarcmogemc hazard md~ces 0 m the PHE 
for the future onsite adult receptof assummg use of groundwater also rnclude 1 1 DCE CCL, 

and PCE In ad&bon to these three contarmnants 1 1 1 tnchlomthane (1 1 1 TCA) has an 
elevated HI These four contarmnants also yielded the hghest HIS for the future onsite 

residentd chdd receptor and are of the same order of magmtude as the adult receptor 

The three most dommatmg pathways for these contammants are rngeaon of groundwater 

mhalabon of volatdes and dermal contact with groundwater These pathways are all dnven by 

groundwater contammabon and therefore ths nsk assessment focuses on groundwater 

assoclated pathways only Groundwater modehg results are used to denve concentrations of 

contammabon rn groundwater at Woman Creek By comparvlg mtd madehg results with 1. 
OU 1 CMS/FS Report 
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respectwe contammant specfic prelumnary remedmhon goals (PRGs) for RFETS (DOE 1994b) 

these contarmnanfs were deemed appmpmte to use m tha nsk calculahon Detaded 

groundwater modehg results (refer to Appendm B) for these contammants are used to calculate 

carcrnogemc nsk and noncarcmogemc HIS 

C 3 2 Concentrahons o f Contarmnants Identf 1 4  

Groundwater modelmg was used to calculate the expected contammbon m groundwater at 
vanous locabons downment  of MSS 119 1 The concentrahons were modeled to mclude the 

specflic remedmbon scenarios starbng 111 1969 and contmumg m tme steps The three scenanos 

were modeled out to the year 2029 Concentrabon averages were calculated for each 

contammint at the French Drarn and at Women Creek For the no achon and msbtubonal 

controls scenario 30 year averages were calculated For the remedmbon scenano concentrabon 

averages were taken begmnmg 111 2008 after complehon of remedmbon 

0 The calculated groundwater ConcentrafiOIs were then used m the Johnson and Ettmger (1991) 

sod gas model whch considers chemcal specdic parameters such as Henry s law constant and 
au a s i o n  coefficients to calculate a vapor concentrabon rnside a bulldrng refer to the PHE 
for further detads To calculate the concentrahon m mdoor a n  from groundwater use the 

conservahvely modeled groundwater concentrabons were multrplled by the volatdmhon fmchon 

of 0 065 mg/m3 an per mg/l water llus consewatwe approach is consistent with Andelman 

(1990) and is Qscussed further rn the PHE The concentmhons of PCE and assocmted scemos 

are summanzed 111 Table C 3 1 
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C 4 0 EXPOSURE ASSESSMENT AND INTAKE EQUATIONS 0 
Pathway specfic exposures or mtakes are quanMied through the use of mtake equations 

exposure parameters, and exposure concentrations Intake equahons are pathway specfic whde 

exposure parameters and exposure concentrahons are s c e m o - m f i c  and pathway specfic 

Exposure concentmhons for h s  nsk assessment have been modeled usmg groundwater modehng 

techmques (Appendm B) The generahzed mtake equahons asSOclilted with each pathway and 

the non chemcal specfic parameters that are used m the equahons are presented m a s  sechon 

C 4 1 Inges hon of Water 

Equahon 1 was used to calculate dmxt mgeshon or mtake of wntammated water The 

mgeshon rate was adjusted m accordance with the scemo 

CWXIRXEPXED 
BW x AT Intake (mg/kg/day) = 

a where 

CW = Chemcal wncentmhon m water (mghter) 
IR = Inges~onrate@ter/day) 
EF = Exposure frequency (dayslyear) 
ED = Exposuredurahon(years) 
BW = Body weight (kg) 
AT = Avemgmg tune (perrod over whch exposure is averaged m days) 

The chemical concentmhon m water is a modeled value and the modelmg techmques are 

described m the PHE (DOE 1994a) Some parameters vary between adult and cMd receptors 

such as mgeshon rates exposure dumbons and body weights The adult and chdd mgesaon 

rates are 2 hters and 1 Mer per day repx%vely Exposure frequency for resi&nml receptors 

IS 350 &ys/year The exposure durahons for adult and chdd receptors are 30 and 6 years 
rephvely The adult and chdd body weights are 70 and 15 lulograms mpxhvely The 

avemgmg m e  for a carcmogen is 25 550 days or 70 years 
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The future onsite resident IS the only receptor that potenmy can contact contammated 

groundwater Equabon 2 was used to calculate the absorbed dose or mtake of the contammant 
through the skm Thls equabon calculates the actual absorbed dose not the amount of chemical 

that comes m contact with the slan 

where 

cw = 
SA = 
P c =  
E T =  
E F =  
E D =  
CF = 
BW = 
AT = 

CW x SA x PC x ET x EP x ED x CF 
BW x AT 

Absorbtd Dose (mg/kg/day) = 

Chemcal concentmaon m water (mghter) 
Slun surface area avadable for contact (cm2) 
Chermcal ~ f i c  dermal permeabhty constant (cm/hr) 
Exposure tune (hours/day) 
Exposure frequency (dayslyear) 
Exposure durabon (years) 
Volumetric conversion factor for water (1 hter/1OOO cm3) 
M Y  weight (ks) 
Averagmg tune @nod over whch exposure is averaged 111 days) 

The chemcal concentrabon m water is a modeled value as descnbed 111 the PHE Some 

parameters vary between adult and c u d  receptors such as slun surface areas exposure 

durabons and body weights The adult and chdd slun surface areas are 23 200 cm2 and 9 180 

cm2 respectwely The dermal permeabhty constants are chemcal specdic and then orrgmaaon 

is Qscussed m the PHE Adult and chdd exposure tunes for dermal contact with groundwater 

are 0 2 hours/day Exposure frequency for a residentml adult and chdd is 350 dayslyear Adult 

and chdd exposure durabons are 30 and 6 years respectwely The volumetnc conversion factor 

for water is 0001 hters/cm3 Adult and chdd body weights are 70 and 15 lulograms 

r epbve ly  The averagmg tune for a carcinogen is 25 550 days or 70 years 
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c43 1 1  rn C n  t 

Exposure scenanos mvolvmg the residentd adult residentd cbdd and office worker mclude 

mtake of aukme contamltliints The contammants are m the vapor phase and orrgrnate from 

groundwater contarmnants volatdmng and m s m g  through either a home foundabon or office 

buddmg foundabon as apphcable Assummg well water is used withm the home the residenhal 

receptor can also d a l e  contarmnants vola- dumg m home water use Dermal absorpbon 

of vapor phase contammnts is considered to be a neg@ble pofion of lnhalatron mtakes and, 

therefore is dmegarded m accordance with R~sk Assessment Guidance for Superfund (RAGS) 

Supplemental Guidance @nvrronmental Protezhon Agency @PA) 1991aI Hquabon 3 was used 
to calculate mhalahon mtakes for residentd and office worker receptors 

C A x I R x E F x E D  
BW x AT 

Intake (mg/kg/day) = 

where 

(3) 

CA = Contarmnant C0ncentrat;lon m au (mg/m3) 
IR = Inhala&onrate (m3/day) 
EF = Exposure frequency (days/year) 
ED = Exposuredurabon (years) 
BW = Body weight (kg) 
AT = 

0 

Averagmg tune @enod over whch exposure is averaged m days) 

Both residentd and office worker receptors have the potentd to &e volathed contammabon 

that has drffused through the foundabon of either a home or an office buddmg as apphcable 

It is assumed that groundwater would not semice onsite office buildmgs therefore only a 

residentd receptor could mhale volatdmd contammabon due to mdoor water use The 

chemical concentrabons m mdoor an  (volathzed through a foundahon and volatdmd due to 

mdoor water use) are modeled values as descnbed m the PHE Some parameters vary between 
the onsite office worker adult and chdd receptors such as mhalahon rates exposure 

frequencies exposure durabons body weights and averagmg tunes The mhalabon rate is 15 

m3/day for a residentd adult (assumg mdoor actlvibes) and 20 m3/day for both a residentd 1 
c u d  and office worker The exposure frequency is 350 days/year for a residentd adult and I. 
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chdd and 250 daydyear for an office worker The exposure dumbon is 30 years for a 

residentml adult 6 years for a residentml chdd and 25 years for an office worker The body 

weight is 70 lulograms for a residentml adult and office worker and 15 lulograms for a 

residentnl chdd 

I @ 

C 4 4  Contammint Intakes 

The mtake equabons chscussed use the nonchemical specfic parameters chemcal specfic 
parameters chemical concentrations, and appropmte scenarios to calculate respecbve chermcal 

mtakes Tables C 4 1 through C 4 6 summame the carcmogemc and noncarcmogemc mtakes 

by scenano receptor and pathway 
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Table C 4-1 
Carcmogemc Intakes, No Action Scenano 

I 1 08E 12 2 61E-07 
111 1 DCE I 4 65E 16 1 323E 11  I 120E 12 1 1 58E 1 1  
IlFuture Onsrte o f f i e  Worker 

I 2 46E 14 I NAP I NAP I NAP 

NAP = Not Apphcable Pathway 
0 
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Table C 4-2 
Carcmogemc Intakes, Institutional Controls Scenano 

1 1 DCE 

111 1 DCE I 9 573-19 I 666E14 I 247315 I 3 24E 14 

7 6OE 19 NAP NAP NAP 

I 8 51E 16 I NAP I NAP I NAP 
I 9 49E-14 I NAP I NAP I NAP 

NAP = Not Apphcable Pathway 
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Table C 4-3 
Camnogem Intakes, Remedmtion Scenano 

Inhalatron of Volatdes 1ng-n of Dermpl Contact w~th Inhalatron of VolaWes 
D~ffusmg Through Groundwater Groundwater from Indoor use of 

Groundwater (mglkgld) Contamant Foundahon (mg/kg/d) (-4 (mgflrgld) , 
II French Dram 

Future Om& Redent Wlth Water Adult 
CCh 156E 12 3 60E-07 1 84E-08 1 753-07 
PCE 2 1oE-11 104E-05 1 16E-06 5 06E-06 
1 1 DCE 7 74E 16 5 39E-11 200E 12 2 63E 11 
Future Om& Otrre Worker 
cc4 124E 12 NAP NAP NAP 
PCE 166E-11 NAP NAP NAP 
1 1 DCE 6 15E 16 NAP NAP NAP 

Future Ons& Resident Wlth Water Adult 
CCl, 8 40E 15 1 93E-09 9 87E 11 9 43E 10 
PCE 4 ME 13 2 01E-07 2 24E-08 9 80E-08 
1 1 DCE 3 94E 18 2 74E 13 102E-14 134E 13 
Future 0- Office Worker 
CCl, 667E 15 NAP NAP NAP 
PCE 3 22E-13 NAP NAP NAP 
1 1 DCE 3 13E 18 NAP NAP NAP 

NAP = Not Apphcable Pathway 
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Table C 4-4 
Noncarcmogemc Intakes, No Action Scenario 

Dermal Contact 
InhaIatwn of Volahles 1ng-n of wtb Inhalabon of VolaWes 

D~ffus~ng Through Groundwater Groundwater from Indoor use of 
t3nta-t Foundatmn (mg/kg/d) (mgflrg/d) (mg/kg/d) Groundwater (mglLgld) 

r 

a 

cc4 1 9 9 3 1 0  NAP NAP 
PCE 4 99E 10 NAP NAP 
1 1 DCE 8 DE-11 NAP NAP 
1 1 1 TCA 3 35E-08 NAP NAP 

NAP 
NAP 
NAP 
NAP 

IlCCl I NA I 208E-08 I 106E-09 I NA II 
11 PCE I NA I 156- I 174E-07 I NA I1 

ll 1 1 DCE NA 9 43E 11 3 5OE 12 NA 
l l l T C A  9 89E 11 2 78E-06 1 10E-07 136E-06 

NA = Not Avahble 
NAP = Not Apphcable Pafhway 
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Table C 4-5 
Noncarcmogemc Intakes, Institutional Controls Scenario 

Dermal Contact 
Inhalahon of Volahles Inhahhon of VolaWes 

French Dram 
Future Ons& Redent  Wlth Water Adult 
cc4 NA 6 04E-07 3 08E-08 NA 
PCE NA 14633-05 1 63E-06 NA 
1 1 DCE NA 110E-08 4 1OE 10 NA 
1 1 1 TCA 1 19E-09 3 35E-05 1323-06 1636-05 

Future Om& Resident Wltb Water Child 
CCI, NA 1 13E-06 4 55E-08 NA 
PCE NA 2 73E-05 2 41E-06 NA 
1 1 DCE NA 2 06E-08 6 05E-10 NA 
1 1 1 TCA 5 93E-09 6 25E-05 1 95- 8 13E-05 
Future Onslte Offiie Worker 
CCI, 200E 12 NAP NAP NAP 
PCE 225E 11 NAP NAP NAP 
1 1 DCE 121E 13 NAP NAP NAP 
1 1 1 TCA 9 08E 10 NAP NAP NAP 

Future Onsrte Resdent Wlth Water Adult 
CCI, NA 7 20E-10 3 67E 11 NA 
PCE NA 1 73E-07 193-8 NA 
1 1 DCE NA 194E 13 7 21E 15 NA 
1 1 1 TCA 7 28E 12 2 05E-07 8 07E-09 9 97E-08 

Future 0- Resdent W f i  Water C u d  
cc4 NA 134- 5 43E 11 NA 
PCE NA 3 233-07 2 8413-08 NA 
1 1 DCE NA 3 62E 13 106E 14 NA 
1 1 1 T C A  3 62E 11 3 82E-07 1 19E-08 4 96E-07 

Woman Creek 

~~ 

Future Ons& W i e  Worker 
CC4 2 38E 15 NAP NAP NAP 

PCE 2 66E 13 NAP NAP NAP 
1 1 DCE 2 13E-18 NAP NAP NAP 
1 1 1 TCA 5 54E 12 NAP NAP NAP 

NA = Not Avdable 
NAP = Not Apphcable Pathway 
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Table C 4-6 
Noncarcmogemc Intakes, Remedmbon Scenano 

Dermal Contact 
Inhalabon of Volat~Ies 1ng-n of wltb 

Dltluslng Through Groundwater Groundwater 
Conbmmant Foundabon (mg/kg/d) (mg/lrs/d) (mg/kg/d) 

Inhalabon of VolaWes 
from Indoor use of 

Groundwater (mgkgld) 

NA = Not Avdable 
NAP = Not Apphcable Pathway 
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C 5 0 TOXICITY ASSESSMENT 

Thls s m o n  provides the tomcity constants used for nsk charactembon purposes and 

summanzes toxlcologcal mformabon Specdic denvabon of tomcity constants and respectwe 
sources is dlscussed m the PHE For this nsk assessment tomcity mformabon is summanzed 

for two categones of potentd effects noncarcmogemc and carcmogemc effects These two 

categones were selected because of the sllghtly M e m g  methodologes for estmatmg potentml 

health nsks assocnted with exposures to carcmogens and noncarcmogens Tomcity mformabon 

is provided for the four contammints of concern 

11DCE 
1 1 1 TCA 

ccl, 
PCE 

0 Table C 5 1 also summarues chemcal p d i c  constants for each of these contammants 

C 5  1 1.1 DCE 

V o l a h b o n  and subsequent photo-ondabon ~fl the atmosphere are the pnmary transport and 

fate process for 1 1 DCE The avadable mformabon also mdd~cates that sorpbon bio 
accumulabon and degradabon of 1 1 DCE are possible albeit at lower rates and are not of 

envmnmental sigtllficance 

Studles on the general tomcity and possible carcmogemcity of 1 1 DCE are h t e d  Oral LD50 
of 1 1 DCE m rat is 1 500 mgikg Exposure to hgh concentrahons is often assocnted with 

dlsturbances of the central nervous system Chron~c exposure to low doses of 1 1 DCE has been 

shown to produce hepahc and renal toncity However 1 1 DCE does not produce embry 

tomcity and teratogemc effects m expenmental anunals 
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The results of the stuhes on the CatClIlogemc effects of 1 1 DCE are mconclusive However 

1 1 DCE has been shown to be mutagemc m several bacted assays 

For 1 1 DCE the oral reference dose (RfD) is 9 OOE 03 mg/kg day and the oral and mhalahon 

slope factors (SFs) are 6 OOE 01 and 1 75E01 (mg/kg day) respechvely (Table C 5 1) 

C 5 2 1.1.1 TCA 

1 1 1 TCA is used as a solvent for cleatllng pmision mstruments for metal degreasmg as 

aerosol propellants as a pestrcide and m textde pmssmg 

1 1 1 TCA has a low tox~city profile (oral Lgs0 m rats is 11 OOO mg/kg) Both m humans and 

anunals hgh concentrahons of 1 1 1 TCA causes hsturbances of the centd nervous system 

charactenzed by such symptoms as depression mbalance m equhbnum and temporary 

reversible loss of mrdmatron Other effects mcludmg dovascular  effects such as 

hypotension premature ventncular contramons and arrhythrma have been reported Effects 

such as mtahon of the skrn mucous membranes and eye as a result of exposure to 1 1 1 TCA 

has been reported (EPA 1985) 

e 

Torkelson et al (1958) exposed groups of rats rabbits gumea pigs and monkeys to 1 1 1 TCA 

vapor at concentrahons of 500 1000 2000 or 10 000 ppm From these stuhes it was 

determmed that the female gumea pig was the most sensitwe p i e s  of those tested At 500 

ppm groups of eight male and eight female gum= pigs showed no evidence of adverse effects 

compared with unexposed and m-exposed controls after exposure for 7 hours/day 5 dayslweek 

for 6 months Groups of five female gumea pigs exposed to lo00 ppm 1 1 1 TCA vapor 3 

hourslday 5 days/week for 3 months had fatty changes m the h e r  and stahshcally sigmfkant 

mcreased h e r  weights Thus th~s study defmed a NOAEL of 500 ppm (2730 mg/m3) m gumea 

Pigs 

In a s u n k  study (Adams et al 1950) groups of gumea pigs of 6 10 were exposed to a 
OU 1 CMS/FS Report 
881 Hdlsde Area 
February 1995 c 20 



1 1 1 TCA (650 ppm) vapor 7 hours/day, 5 days week for 2 to 3 months These anunals 

eabited a shght depression m weight gam compared with both am exposed and unexposed 

controls thereby estabhshmg a LO= of 650 ppm (3550 mg/m’) m gumea pigs 

On the basis of the exlstmg madequate atllmal data and absence of human carcmogemcity data 

1 1 1 TCA is not classfible as to human caxcmogemcity @PA weight of evidence classficahon 

D) There are no reported human data and m a l  studies (one Meme gavage and one 
mtennedmte term dudahon) have not demonstrated carcmogemcity Techcal grade 1 1 1 

TCA has been shown to be weakly mutagemc although the contammant 1 4 h o m e  a known 

anunal carcmogen may be responsible for thls response 

CCh is used m the preparatron of refndgerants aerosols and propellants the preparahon of 

chlorofluoromethanes the productron of semiconductors dry cleaxung operaQons vetemary 

mdcme and orgmc synthesls It IS also used as an agncultural fumigant a solvent for fats 
ods and rubber and an mdustrral extractant 

The effects of CCh were studied by Lamson and m o t  (1928) m patrents receivmg CCl, and 

magnesium sulfate od ly  as a treatment for hookworms The authors reported the treatment of 

thousands of pahents with a smgle dose of 2 5 15 ml of CCl, without any adverse effects One 

man was reported to have safely mgested 40 ml of CCl, However an extremely small 

populatron of adults &ed after m i v m g  1 5 ml of CCh and doses of 0 18 0 92 ml were reported 

to be fatal to clddren 

The tomc effect of CCL, are potentmted by both the habitual and occasional mgesbon of alcohol 

@PA 1991b) Pretreatment of laboratory anmals w d  ethanol methanol or isopropanol 

mcreases the suscepfibhty of the hver to CCl, Protectwe effects agmst CCl, mduced hpid 

peromdahon are ehbited by v i m  E selemum and methome Very obese or 

undernounshed persons or those suffemg fmm pulmonary Qseases gasttrc ulcers or a tendency e 
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to vomitmg hver or ludney d~seases dmbetes or glandular Qsturbances are especdly sensitwe 
to the toxlc effect of eel, Won oettrngen 1964) e 
Stewart et al (1961) reported the tome effects of expermental exposure of human volunteers 

to CCh vapor Healthy males 30 59 years of age were exposed to concentmtions of 63 69 

and 309 mg/m3 of CCl, m an exposure chamber for 180 mutes  at the two lower doses or 70 

mrnutes at the hghest dose One of SM subjects exposed to the hghest concentrahon 

expenenced had an 111cmed level of untliiry urobhogen 7 days after exposure In addItion 

two out of four subjects exposed to the hghest concentration and momtored for semm m n  

showed a decrease withm 48 hours after exposure 

Little data are available concemg the teratogemc effects of CCh Schwetz et al (1974) found 
CCl, to be shghtly embryotome and to a certam degree retarded fetal development when 
admmstered to rats at 300 or lo00 mgll for 7 hours/day on gestation days 6-15 

Cases of c h m c  poisonmg have been reported by Von Oettmgen (1964) and others The 
c h c a l  picture of c h m c  CCh pommng is much less charactenstic than that of acute 

poisonmg Pabents suffemg from th~s CondIbon may c o m p h  of fabgue lassitude gddmess 

amety and headache The suffer from paresthesxa and muscular twitchgs and show rncreased 

reflex excitabhty They may be moderately jaunhced, have a tendency to hypoglycerma and 

biopsy specmens of the hver may show fatty mfiltrahon Pahents c o m p h  of lack of appetite 
nausea and occasionally of dmrhea In some mstances the blood pressure is lowered and is 

accompmed by pam m the cardnc regon and rmld anerma Other patients have developed patn 

m the ludney regon dysuna and shght noctum and have had urme contamng small amounts 

of albumm and a few red blood cells B u m g  of the eyes and 111 a few rnstances blurred 

vision are frequent complamts of those exposed If these symptoms are not pronounced or of 

long standmg recovery usually takes place upon drscontmuabon of the exposure tf the proper 

treatment is mceived (Von Oettmgen 1964) 

Reports on pathological changes rn fatabes from CCh poisonmg are generally hited to e 
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fmdmgs m the hver and ludneys The bmn and lungs may be edematous The mtestmes may 

be hyperemic and covered with numerous petechml hemorrhages and the spleen may be enlarged 

and hyperemic Occasionally the adrenal glands may show degeneratwe changes of the cortex 

and the hearth may undergo tomc myocaxbbs (Von Oettmgen 1964) 

a 

There have been three case reports of hver tumors developmg after CCl, exposure Several 

stuhes of workers who may have used CCh have suggested that these workers may have an 

excess nsk of cancer CCh has been classdied by the EPA as a probable human carcmogen 

@PA weight of evidence classficauon B2) based on carcmogemcity m rats mce and hamsters 

producmg hepatocellular carcmomas m all three of these species @PA 1991c) 

C 5 4  =E 

PCE has widespread use m the dry cl-g and textde mdustnes It is also used m the cold 

cleanmg and vapor degreaslng of metals as a chemcal mtermedmte m the synthesis of 

fluorocarbons as a component of aerosol laundry treatment products as a solvent for slltcones, 

as the msulatmg fluid and m h g  gas m electrical transformers and m typewnter correcbon 

fluid PCE is not known to occur naturally but contnbutes to water pollubon through leaclung 

from vmyl hers m asbestos-cement water pipehes and as wastewater from metal fmshmg 

laundnes alummum forrmng orgmc chemcal/plasbcs manufactumg and mumcipal treatment 

plants Au contammabon is the result of emissions and vapornabon losses from dry cleanrng 

and mdustnal metal cl-g (ATSDR 1992) 

0 

The effects discussed below are due to occupabonal exposure levels whch are much hgher than 

the expected envmnmental levels Pnmanly exposure occurs through mhalaQon of 

contammated a n  or mgesbon of contammated water PCE can cause hghtheadedness dmmess 

euphona bhdness cardlslc arrhythmlas hypotension cyanosis repmtory depression 
pulmonary hemorrhages and central nervous system (CNS) depression m acute dosages When 

chromcally dosed t n g e d  nerve m p m e n t  hver I I I J U ~  and chapped skm can occur PCE 

is metabohzed and excreted very slowly Individuals with dIseases of the heart hver ludneys e 
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and lungs are the most vulnerable to PCE poisonmg It has also been known to cause jaunhce 

m newborns from PCE excretxon m the breast mtlk [Agency for Toxlc Substances and Disease 

Regstry (ATSDR) 19921 

0 

Hutoncally few acute or chromc mdustrd tomcity problems have ansen from the use of thts 

solvent although researchers have reported both hepatotomty and CNS effects Ingested or 

mhaled PCE is mostly excreted by the lungs The metabohsm of PCE is very slow a very low 

percentage is excreted m the unne as metabobtes Currently no lnhalatlon RfD is avidable for 

PCE Oral RfDs have been calculated based on reseafch with rodents Pnmary effects 

assocnted with PCE exposure mclude h e r  and hdney damage and CNS depression The oral 

RfD for chromc exposures is 1E-2 mg/kg/day with an uncertamty factor of lo00 There is 

medmm coILfidence m this RfD because no one study combmed the features mpred for denvmg 

a hgh confidence RfD Confidence m the pmciple study is low because it lacked complete 

hstopathologcal exammatxon at the no observed adverse effect level (NOAEL) and 

comboratwe stuhes on its temtogemc and reproductwe mpacts are laclung (EPA 1994) 

PCE is luted as a probable group B2 carcmogen m IRIS has an oral SF of 5 20E 2 and an 0 
mhalatlon SF of 2 03E 3 "%Is cbsficatlon was based on stuhes performed on rodents where 

mhalaQon produced both leulcema and tumors of the h e r  PCE is for the most part 

nonmutagemc and has not been shown to cause reproductwe tomcity 
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C 6 0 RISK CHARACTERIZATION 

Ihsk characternabon mvolves estnnatmg the magnitude of potentd adverse effects summarmng 

the nature of the threats to pubhc health and considenng the nature and weight of evidence 

supportmg these nsk estmates and the degree of uncemty surroundmg the estmates 

Spfically nsk chaxactenzabon mvolves combmg the results of the exposure and tomcity 

assessments to provide numencal estmates of health nsk These estmates are compansons of 

exposure levels with appropnate RfDs or estmates of the hfebme cancer nsk with a gven 
mtake 

Generally to quant@ the health nsks the mtakes are first calculated as identrfied m Sectlon 

C 4 0 for each apphcable scenano The rnhkes were calculated from the concentmbons 

Qscussed m Sectlon C 3 2 and the methodology documented m RAGS @PA 1989) The 

specfic mtakes, calculated m Sectlon C 4, were then cornpami to the apphcable chemical 

specfiic toxlcologcal data presented 111 Sectlon C 5 to d e t e m e  the health nsk 

The health nsks from the contammants were calculated to determme potentd carcmogemc and 
a 

noncarcmogemc effects as Qscussed m Sechons C 6 1 and C 6-2 respemvely 

C 6 1  RskandHazardOu& ent CalculaQon 

Potentral carcmogemc nsks are expressed as an estunated probabhty of an mdlvidual developmg 

cancer from hfetme exposure to the carclflogen ' h s  pmbabhty is based on projected mtakes 

and chemical specfic dose xesponse data called cancer slope factors (SFs) Cancer SFs and the 

estmated M y  mtake of a compound averaged over a lrfetune of exposure is used to estunate 

the mcremental nsk that an m&vidual exposed to that compound may develop cancer Potentral 

carcmogemc nsks are estmated from the followrng equabon 
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lhsk = Potentd hfetme excess cancer nsk (umtless) 
SF = Slope factor for chemds  (mg/kg/day) 
Intake = Chemcal mtake (mg/kg/day) 

Potend health effects of chromc exposure to noncarcmogemc compounds is assessed by 
calculatmg a hazard quobent (HQ) whch is denved by dvidmg the estunated dady mtake by 

a chemical sjxcdic RfD as shown m the followmg equahon 

HQ = Intake/RfD 

where 

HQ = Noncancer hazard quobent (umtless) 
Intake = Chemcal mtake (mg/kg/day) 
RfD = Reference dose (mg/kg/day) 

A HQ greater than 1 0 mdIcates that exposure to that contammant (at the concentmhons and 

for the durabon and frequencies of exposure estmated m the exposure assessment) may cause 
adverse health effects m exposed populaUons However the level of concern assocmted with 

exposure to noncarcmogemc compounds does not mcrease h e a d y  as HQ values exceed 1 0 
In other words HQ values do not represent a probabhty or a percentage For example an HQ 

of 10 does not mdIcate that adverse health effects are 10 tunes more hkely to occur than an HQ 

value of 1 0 but that potentml adverse health effects are of greater concern 

0 

C 6 2 C a r c  mogemc Effects 

Carcmogemc nsks from exposure to each contammint were calculated and summed for a future 

onsite resident usmg groundwater usmg pubhc water and for a future onsite office worker 

usmg pubhc water The source of contammauon considered (1) mamtamng the current 

groundwater contamnabon level and removmg the french dram and extmmon well (2) 

mamtamng the current groundwater contammabon level and contmumg the french drarn and 

extracbon well operabons and (3) remedWmg the contammuon source and removmg the e 
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french dram and extrachon well These receptors and scenanos considered contammhon at the 

French D m  and at Woman Creek Tables C 6 1 through C 6-3 summame the results of the 

nsk calculabons by scenano receptor and pathway 

For all three scemos the hghest carcmogemc nsks at the French Dram and at Woman Creek 

are assocmted with the future onsite resident The nsks for the future office worker are 

neglqgble (m the 10 l2 to range) 

The scenano that ylelded the m u m  calculated camnogem nsks was the no achon scenano 

The total calculated nsk for the future onsite resident with ths exposure is 1 17E 05 with the 

dommatmg pathway of mgeshon of groundwater with a nsk of 9 97E-06 (see Table C 6 1) The 

nsk from the next dormnant pathway When of volatdes from mdoor use of groundwater 

is 8 44E 07 

The scemo with the next hghest calculated carcmogemc nsk assumed remedmhon of the 

contammabon and dlscontmumg the operauon of the french dmn and extrachon well The total 
calculated nsk for the future on site resident with thls exposure is 6 69E 07 with the dommtmg 

pathway of mgesbon of groundwater with a nsk of 5 87E-07 (see Table C 6 3) 

a 

The mshtuhonal controls scenano has the lowest calculated carcmogemc nsks The total 

calculated nsk for the future on site resident with thls exposure is 3 31E 07 with the dommtmg 

pathway of mgesbon of groundwater with a I.lsk of 2 883-07 (see Table C 6 2) In all three 

scenanos PCE is responsible for the hghest nsks 

C 6 3 Noncarcmogemc Effects 

The receptors and pathways used to evaluate carcmogemc effects were also used to evaluate 

noncarcmogemc effects The HIS for each contaminant are the summed HQs for each exposure 

pathway If the HI exceeds umty there may be a concern for potentd health effects and the 

exposure should be evaluated more closely Tables C 6 4 through C 6 6 summanze the results 
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of the HQ and HIS calculabons by scemo receptor and pathway 

The calculahon of HQs and respectwe HIS &d not yield a si@iwt noncarcmogemc hazard 

(1 e &d not approach uruty) The htghest HI is 2 59E-01 for a future onsite chdd resident and 

the no acQon scenario (see Table C 6 4) The dommatmg pathway for ths receptor is mgesbon 

of groundwater with a HQ of 1 57E 01 from CCl, The remammg HIS ranged from 1 40E 01 

to 1 85E 12 
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C 7 0 UNCERTAINTY ANALYSIS 

Uncertamty analysis is an unportant component of the nsk assessment process Accordmg to 

the EPA Gutdance on Rrsk Churactenzanon for Rrsk Managers and Rrsk Assessors pomt 

estunates of nsk do not fully convey the range of mformatron considered and used m 
developmg the assessment (EPA 1992) To provide mformabon about the uncertanhes 
associated with the nsk assessment uncertamues were identtfied d u m g  the PHE process (DOE 
1994a) and are presented m quahtauve terms 

There are four stages of analysis apphed dumg the nsk assessment process that can mtroduce 

uncertambes 

Data Collectton and Evaluabon 
Exposure Assessment 
Toncity Assessment 
Ruk Charactemuon 

The uncertamty analysls charactems the propagated uncertamty rn pubhc health nsk 

assessments These uncertamhes are drrven by uncerfitlIlfy m the chemcal momtomg data the 

transport models used to estunate concentrabons at receptor locabons receptor mtake 

parameters and the toncity values used to chamctenze nsk Ad&uonally uncertamues are 

introduced m the nsk assessment when exposures to several substances across multrple pathways 

are summed 

One approach to address the uncertambes is to use health protectwe assumpbons Health 

protective assumpuons are those that systemabdy overstate the magmtude of health nsks such 

that even with errors due to uncertamty m the methodology actual health nsks are expected to 

be less than those calculated Thls process bounds the plausible upper h i t s  of nsk and 

fachtates an mformed nsk management decision 
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C 7 1 1 Data Co Uecbon and Evaluabo n 

Vanabhty m observed concentrabons is due to samphg design and mplementabon labomtory 

analysis seasonahty contammint level vanabon and natural vanafion 

C 7 1 2 Ex_Dosure Assessment 

The largest measure of uncertamty m the exposure assessment is associated with charactemmg 

transport Qspersion and transformabon of COCs m the envmnment estabhshmg exposure 

settmgs and denvmg estmates of c b m c  mtake The ultmate effect of thls process is the 

generabon of a range or Qstnbubon of estmates for mtake at a gwen exposure pomt 

C 7 1 3 Toxmtv Assessment 

Tomcity assessment is the process of charactemmg the relabonshp between the dose or mtake 

of a substance and the mcidence of adverse effects m the exposed populabon Tomcity 
assessments evaluak results from stuQes with laboratory m a l s  or from human epidemiologmd 

studes These evaluabons are used to extrapolate hgh levels of exposure where adverse effects 

are known to occur to low levels of envmnmental exposures where effects can only be 
pnxhcted based on stabsbcal probab&m The results of these extmpolabons are used to 

estabhsh quanbtatwe mQcators of tomcity 

0 

I C 7 1 4 Rsk Charactenzabon 

The last step m the nsk assessment is nsk charactenzabon This is the process of mtegratmg 

the results of the exposure and tomcity assessments (1 e compamg the estmates of mtake with 

appropnate tomcologcal measures to de te rne  the hkehhood of adverse effects m potenmy 

exposed populabons) Smhrly the propagated uncertambes defined throughout the uncertamty 

analysis process are combmed and presented as part of the nsk charactenzabon to provide an 
overall uncertamty m the estmate of nsk 
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C 7 2  Uncertamtv - m Human Intake Parameters 

InheRnt rn the evaluahon of modeled contarmnant mtake is the uncertamty rn the values used 

to assign mtakes Uncertamty parameters of mtake (such as mgeshon rate) as well as parameters 

of demographcs (residence tune length of work day etc ) are evaluated quanhtatwely to the 

extent possible so that the uncertamty about the mean for those mportant vanables is propagated 

through the analysis along with modeled concentrauons and toxlcity constants 

The selechon of probabhty Qstnbutrons as lnputs to exposure and nsk models is conducted 

accordmg to guidance set forth m the Exposure Factors Handbook (EFH) @PA 1990) 

In general the selectron of a probabhty Qstnbubon to represent an mput factor m 
the exposure models should be based upon any gatheed mformahon about that 
factor theon%nl arguments andor expea opmons A probabhty Qstnbubon can 
be ascertamed for such mfonnauon as the followmg general shape of the 
Qstnbutton rmnunum, maxunum, mode, mean medm midrange and other 
percentdes Avadable data on the probabhty Qstnbutrons for each of the exposure 
factors &scussed m ths handbook have been presented m pmvious sechons When 
Qstnbubon data are not avadable Qstnbuhons can be assigned usmg professional 
judgement 

Although the exact shape of many of the Qstnbubons is not known the e-ated dlstnbubons 

appromate the cumnt state of knowledge about these vanables much better than a srngle pomt 

estmate From the data presented m EFH it may be seen that for each vanable a range of 

values exlsts 

mean mehn) andor percentdes is provided Selechon of a smgle pomt estunate from such 

data is a sigmficant loss of mformahon In effect a pomt estmate is a Qstnbuuon m whch a 

srngle value has a 100 percent chance of occurrmg and all other values have no chance of 

occumg The data presented m EFH is capable of providmg much more mformahon than a 

smgle pomt estmate pmcularly for the purpose of nsk assessment 

In many cases adQbonal mformabon such as central tendency values (e g 

A further considerahon is that exposure parameters may not be mdependent For example there 
is tyjmzdly a posihve comlahon between mhalahon rate and body weight A range of values 

OU 1 CMS/FS Report 
881 Hdhide Area 
February 1995 c 37 



may be idenMied m the hterature for ths correlabon These correlabons range from moderate 

to moderately hgh 

A quahtabve uncertamty analysis can be used to estmate the mpact of aspects of a nsk 
assessment 

The mtd characternabon that defmes the nsk assessment for a site mvolves many professional 

judgments and assumpbons Defmbon of the physical settmg populabon chamctensbcs and 

selectxon of the chemcals mcluded UI the nsk assessment are examples of areas for whch a 

quanbtabve estmate of uncertamty cannot be acheved because of the mherent r e h c e  on 
professional judgement 

Assumpbons and supportmg rabonale regdmg these types of parameters along with the 

potentd mpact on the uncertamty (1 e , overestrmabon or underestmabon of uncertamty) are 

descnbed quahtatwely above as part of the qdtatwe exposure assessment uncertamty analysis 

A quahtabve u n c e m t y  analysis is presented m Table 1 

0 
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e 
Uncertamty Factor 

Table C 7 1 
Selected Quahtative Uncertamty Factors 

Effect of Uncertpmty Comment 

Fate and Transmrt Eshmsbon 

Exposure durahon 

May &ghtly ovemshmate or 
underesbmpte nsk 

May overesbmate or 
umhwbmte nsk 

The assumpbon that an mdmdual wdl work or 
remde at the mte for 25 or 30 years is 
conservative Short term exposures mvolve 
compnmon to sub-chromc tomcity values whch 
are generally leas restnctive than chromc values 

May overesbunate or 
un- nsk 

May overesbmpte nsk 

May ovenstunrte or 
undemmnae nsk 

May shghtly overesbnute or 
undemtmae nsk 

May over esbmate or 
underesbmpte nsk 

May shghtly ovemdmate or 
un- nsk 

May over&mate nsk 

May overe&mab nsk 

Exposure Estmatmn 

The mdoor concentratton of sod gas pen-g 
the foundon depends on mdoor ventalabon 

The heterogeneous sources were assumed to be 
homogeneous 

A wnservabve value was used for ths 
P-- 
’ h s  vanes 8c.801LPuy m the upper vadose zone 
and may be subject to measurement m r  

The average value used is expected to be 
nprtsentntlve of the depth over the 25 year 
expoeurepenod 

There may be DNAPLs m the vadose zone 
however CoIIBQvabve PSSUUI~~LOM were used m 
the modelmg from the saturated zone 

Although a ngorous stpfishcpl d y w  on annual 
v&ty was not conducted the annual 
v d h t y  IS leas than approxmately 1% m each 

S%fromyeartoyear 

The JdceMmod of future omte resldenbal 
development IS small If future remdenbal use 
of ths mte does not occur then the nsk 
e&mates calculated for future omte restdents 
are hkely to overeshmate the true nsk associated 
Wth future use of ths Slte 

C&gOXy &g 111 1eSS thM -XlllUklJ’ 

~ 

Assumphons r e g h g  m d a  mtake population 
chruoctenstcs and exposure patterns may not 
chrrpctenzeacd exposures 
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Non chemtcal specfic constants 
(not dependent on chemcal 
P W M )  

Exclusion of some hypothehcal II pathways from the exposure 

~ ~~ - ~ 

May overesduapte mk Conservahve or upper bound values were used 
for all parameters mcorporated mto mtake 
dCUlahOM 

II 

Use of cancer slope factors 

C n h d  tomaty values denved 
p d y  from ammal atud~es 

C n h d  tomcity vdues denved 
p d y  from lugh doses most 
exposures are at low doses 

C n h d  tomcity values and 
classiicahon of carcmogens 

Lack of mhalahon slope factors 

use of oral slope factors to 
evaluate dermal abmphon 

Adchhon of nsks across waght 
of-ewdence C ~ S I ~ C ~ ~ O M  

Lack of RtDs or RfCs I1 
Effect of absorphon r--- 
Lack dermal absorphon or duect 
achon tomcity values 
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May undereatamate nsk 

May &ghtly overcabmate or 
un- nsk 

May overtdffimate nsk 

May ov- or 
Underestrmrtensk 

May ovenstuMte or 
undaratlm;rte nsk 

May ovematmab or 
Undmstunotensk 

May underestlmcltt nsk 

May ovenstuMte or 
U I K h X U W e n S k  

May overesduapte nsk 

May ovmstrmate or 
und- nsk 

May shghtly undereetrmate nsk 

Exposure pathways were ngorously evaluated 
for each scenar~o and elmmated only If it was 
=ed that they were ather urcomple$e or 
neglrgible compared to other evaluated 
vathwavs 

EPA permeabhty coefficients were 
algonhwally pred~cted and have an 
uncertrunty of approxunately one order of 
maptude  

Potencies are upper 95th percenhle confidence 
lumts Considered udkely to undmshmate 
true nsk 

Extrapolahon from unmpl to humam may 
mduce glor due to Mcrencea m absorpaon 
phamucohehcs targetorgans enzymes and 
uopulahon vanabdIty 

Assumes hear at low doses Tend to have 
conservahve exposure UUnrmphOnS 

Not all values represent the mme degree of 
cerhnty All are subject to change as new 
ewdence becomes avdable 

Caucmogemc COCs wthout mhalahon slope 
factors may or may not be carcmogemc through 
the Idralahon pathway 

Assumes that mtroduchon to the blood stream 
through the h acts SlIllltPrly to absorphon 
through the gut 

Adchhon of nsks across waght-ofevidence 
closslficahons 18 extremely health conservahve 
and P o ~ ~ Y  uuppropnote 
InhWon RfDs or RfCs are not avdable from 
IRIS for some chenncals 

The assumption that absorphon 18 equivalent 
across species 18 q h c i t  m the denvahon of the 
cnhcd toxlcm values Abmphon may actually 
vary wth chenncal 

'The unavdabhty of consensus absorpbon 
values does not fachtate companson of absorbed 
dose to tomcity constants based on adnumtered 
dose 
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C 8 0  SUMMARY 

These residual nsk calculahons &scussed m thls nsk assessment were mtended to develop a 
quanhtabve assessment of the nsk assomted with appropmte receptors and scenmos after 

specfic r e m a  achon alternahves have been mplemented Based on mformahon from the 

PHE the most conservahve contammahon scenmos receptors and pathways were evaluated 
Concentrahons of contarmnants were modeled usmg groundwater modehg techmques and then 

receptor mtakes were calculated The mtakes were combmed with toxlcologml data m nsk and 

HQ equahons to calculate potentml pmbabhhes for carcmogemc nsk and noncarcmogemc HQs 

The carcmogemc nsks and HQs were then summed by scemo to yield total potenhal 

carcmogemc and noncarcmogemc effects 

The m m u m  calculated carcmogentc nsk is for the no amon scenario The total nsk to the 

future onsite resident with groundwater is 1 1 7 E  05 

0 The HIS calculated for the scenatlos and receptors were not si@icant (1 e &d not approach 

umty) The maxunum HI is 2 59E-01 for a future onsite chdd resident and the no acbon 
scenano 

a 
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Response to EPA General Comments on August 1994 
Draft Final Corrective Measures Study/F’easibihty Study (CMSIFS) 

881 fillside (Operable Unit 1) 
Rocky Flats Environmental Technology Site 

General Comments 

Comment 1 

DOE has incorrectly concluded that State Groundwater Standards are not applicable to Rocky Flats This 
fundamental mistake will mean that much of this document must be rewritten in order to adequately assess 
compliance with this ARAR DOE has not presented full rationale with supporting evidence that would 
convince EPA that these standards are not applicable 

Response 

DOE has carefully reviewed the State s groundwater ARARs position and the regulations concernmg the 
State s Basic Standards for Ground Water (5 CCR 1002 8 3 11 5) DOE has determined that the State s 
basic standards are potential ARARs for all contaminants except radionuclides The CMS/FS wdl be 
revised to reflect this potential ARAR at OU 1 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
the resolution to this comment is as stated in the response above 

Comment 2 

In light of the above comment it is obvious that DOE s preferred alternative o f  institutions controls will 
not achieve compliance with State Groundwater Standards Therefore one of the other alternatives that 
will remediate groundwater must be chosen as a preferred alternative Since the french dram and 
treatment plant are already in place it seems that there is much advantage to utilmng both of these 
components and optimlzing this system through added enhancements in order to reduce the remediation 
time frame As such it may be necessary to consider other modifications to the alternatives already 
presented such as the use of surfactants horlzontal wells etc It is also necessary to more thoroughly 
and accurately evaluate the effectiveness and cost of the fiench drain and treatment plant factoring in the 
discontinued collection of 881 footing drain water 

Response 

The selection of a preferred remedy at OU 1 should be based on the results of the detaled analysis of 
alternatives This approach to a preferred remedy selection is consistent with both RCRA and CERCLA 
and subsequent guidance under each Assuming that a remedial action is warranted prior to examining 
the revised results of the detailed analysis of alternatives is both premature and potentially inconsistent 
with both RCRA and CERCLA guidance DOE has followed the approach outlined in the preamble to 
the NCP rules concerning program goals program management principles and expectations (55 FR 
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8702 8706) Further it is not obvious that the preferred alternative recommended m the OU 1 draft 
final CMS/FS report would not achieve compliance with State Groundwater Standards Until a specific 
point of compliance is agreed upon the EPA s assumption that a remedial action is necessary to achieve 
compliance under the State Groundwater Standards (which are different from the chemical specific 
ARARs presented in the CMS/FS) is invalid DOE has suggested demonstrating compliance with certain 
performance monitoring points prior to selection of a remedy while compliance at several locations is 
evaluated by the agencies and the public 

Resolution 

As discussed in the meeting held on December 14 1994 between DOE EPA and CDPHE the results 
of the revised CMS/FS report will be reviewed prior to selecting a preferred remedy for OU 1 The 
results of the revised detailed analysis of alternatives will be presented to both agencies and input will 
be solicited at that time for selecting an appropriate remedial action for preparation of the proposed plan 
for OU 1 

Comment 3 

The FS states that the preferred alternative for OU1 is institutional control without the french dram but 
with groundwater monitorings Under this strategy chlorlnated solvents m the subsurface wlll continue 
to contaminate groundwater until sources diminish through natural processes However due to some 
uncertamty regarding the location and nature of the sources it is difficult to d e t e m e  with confidence 
how long institutional controls and groundwater monitoring will be requlred Modelmg results presented 
in the FS indicate that concentrations at Woman Creek will continue to increase untd the year 2369 or 
for 375 years into the future To ensure that Woman Creek is protected it follows that groundwater 
monitoring will be required as long as concentrations increase but only 30 years of momtormg is 
accounted for in the cost estimate for the preferred alternative 

Response 

Due to the impact of present worth analysis on cost estimates of momtormg periods extending beyond 
30 years EPA guidance recommends that costs occurring beyond thirty years be neglected in feasibllity 
study cost analyses Specifically the Remedzal Actzon Costzng Procedures Manual (EPA 1987) states on 
page 3 21 "Remedial action alternatives requiring perpetual care should not be costed beyond thlrty years 
for the purpose of feasibility analysis The present worth costs beyond this period become negligible and 
have little impact on the total present worth of an alternative * Also the Gwdancefor Conducfzng 
Remedial Investzgatzons and Feasibility Studies Under CERCCA @PA 1988) states on page 6 13 "In 
general the period of performance for costing purposes should not exceed 30 years for the purpose of 
detailed analysis In addition 30 year monitoring periods are required under RCRA for closure actions 
that may impact groundwater (6 CCR 1007 3 264 117) The costing of monitoring periods for thirty 
years does not limit the actual monitoring period which would be extended if continued monitoring is 
required 

Resolution 

As discussed in the meeting held on December 14 1994 between DOE EPA and CDPHE the 
monitoring period described in the CMS/FS report will remain at 30 years as prescribed by guidance 
except for remediation alternatives which may limit the amount of monitoring required 
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Comment 4 

The source removal remedial alternatives offer the possibility of removing source areas and potentially 
reducing the post closure monitoring period and the potential for future corrective action Therefore the 
time required to reach remedial action objectives (RAOs) is one of the major difference among the three 
general types of alternatives evaluated (monitoring containment and source removal followed by residual 
contaminant containment and monitoring) The FS must evaluate the time element in more detail before 
a remedial alternative is recommended The report must also provide more discussion about the 
uncertainty of the source extent and how this uncertainty affects the effectiveness of the source removal 
technologies These discussions must also consider the degree of confidence gained after the proposed 
soil gas study is conducted In addition the FS must estimate the time it will take to reach a point when 
monitoring IS no longer required for each alternative and incorporate these results into the comparative 
analysis The FS must also consider the uncertiunty associated with the models when evaluating the 
effectiveness of the various strategies Finally the FS should incorporate a sensitivity analysis into the 
model results to further evaluate the impact of subsurface contaminant uncertainty 

Response 

Where possible the elements of this comment will be included in the revised CMS/FS report In 
particular more text will be added to the document discussing the uncertainties involved with each 
remedial action and with the source areas in general However it is because of  the large uncertainty 
associated with the source areas at OU 1 that it was not deemed appropriate to specify the monitoring 
periods requued for each alternative Until data are available concerning the actual performance of a 
remedial action at OU 1 it is impossible to accurately predict the monitoring period required for any 
alternative other than through standard guidance (1 e 30 years) In addition it is believed that these 
time periods will not affect the selection of a preferred remedy and therefore are not critical to the 
detailed analysis of alternatives 

Uncertainties associated with the groundwater model will be discussed further in the revised CMS/FS 
A sensitivity analysis was suggested by DOE previously but could not be accomplished in the schedule 
provided Both EPA and CDPHE acknowledged this fact and agreed that it would not be presented in 
the draft final CMS/FS A sensitivity analysis will be initiated for the OU 1 CMS/FS and will be 
incorporated based on schedule constraints 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
the resolution to this comment is as stated in the response above 

Comment 5 

Given the proximity of OU1 to Woman Creek one of the primary functions of any remediation that 
occurs at OU1 should be to protect Woman Creek and the associated ecological receptors Therefore 
protecting ecological receptors associated with Woman Creek must be an RAO for OU1 

Response 

This issue will be discussed further through a special work group designated by DOE and the regulatory 
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agencies to resolve specific comments 
report or the BRA and it is unclear why the EPA is rasing the issue at this time 

However this exposure route was not rncluded rn the RFI/RI 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
this comment will be resolved by including additional detail in the short term effectiveness evaluation of 
each alternative concerning impacts to Woman Creek and other envlronmental receptors In addition 
an RAO will be added to include protection of ecological receptors in Woman Creek 

Comment 6 

It is uncemn whether Woman Creek and the associated ecological receptors wdl be protected under the 
proposed remedial alternative Throughout the FS the text states that maximum contarmnant levels 
(MCLs) need to be met only at Woman Creek to be protective It is not clear whether MCLs will protect 
ecological receptors associated with Woman creek The FS must be revised to illustrate how Woman 
Creek ecological receptors will be protected from OU 1 contamination 

Response 

See response to General Comment #5 

Resolution 

See resolution to General Comment #5 

Comment 7 

More detarled discussion about the proposed monitoring plan must be added to the FS particularly smce 
monitoring is one of the primary features of the preferred alternative and is common to all alternatives 
The alternatives that would suspend french dram operations but leave it in place (Alternatives 0 and 1) 
imply that monitoring will continue and that the french dram wlll be reactivated only if monitormg 
results exceed predicted values The only locations for which predicted values are given m Appendur B 
are both down gradient of the french drain The text does not specify which momtoring wells correspond 
to these locations Regardless by the time concentrations begin to exceed predicted values down gradient 
of the french dram it may be too late for the french dram to be effective If a contamination front is 
detected below the french drain it is probable that the contaminants have already spread throughout the 
length of the french drain Monitoring wells that will be used to trigger remedial decisions should be 
located above the portion of the french drain that intersects the expected contaminant flow path 
Currently the closest well reported to have 9 500 micrograms per liter (pg/L) of trichloroethene (TCE) 
2 600 pg/L of carbon tetrachloride and 590 pg/L of tetrachloroethane (PCE) from a sample collected 
in late 1992 On the basts of these results french drain operation should not be discontinued under any 
of the alternatives If future wells are planned for the area above the french dram investigative methods 
should be used that will optimlze the well location with respect to bedrock topography and the 
contaminant plume 
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Response 

The location of monitoring wells is typically not a component of the CMS/FS as it does not affect 
alternative development or the detailed analysis of alternatives This information is usually included m 
the PRAP/PP CAD/ROD or in a post closure monitoring plan More information regarding the 
monitoring plan will be incorporated into the CMS/FS report at the agency s request although DOE 
disagrees that the information is relevant to the remedy selection process Note that both regulatory 
agencies will have input to the monitoring plan through any of the documents mentioned above 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
the resolution to this comment is as stated in the response above 

Comment 8 

There is no mention in this document of the buried gas transmission lme that crosses OU1 in an east west 
direction between 119 1 and the French Drain The existence of this feature could cemnly lmpact some 
of the alternatives discussed in this document Additionally since this line lies in the path of the 
migrating contaminated groundwater an evaluation of how It might be affecting migration is needed 

Response 

It is unclear how this comment could impact the remedial action alternatives presented in the CMS/FS 
report The line is a utility feature which will undoubtedly be reviewed during demled design The 
purpose of the CMS/FS report is to evaluate conceptual approaches to remediation of OU 1 Demls such 
as the transmission line do not impact the analysis especially in the case where the line is not m the 
immediate vicmity of the treatment zone as is the case here In addition evaluabon of the transmission 
line as a potential route for contaminant migration is not withm the scope or purpose of the CMS/FS 
report This issue should have been raised during the preparation of the RFI/RI report if EPA felt that 
it warranted significant attention 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
this comment will be resolved by including a reference to the gas transmission line wherever alternatives 
are presented that could potentially be impacted by the presence of the line 

Comment 9 

This report fails to make use of all available and pertinent data and this is especially critical in the 
ground water modeling that was performed Apparently only analytical data from 1990 through mid 1992 
was used in the modeling even though data from 1987 to the present is readily available for this purpose 
Nor were the soil gas survey results from December 1993 mentioned or presented although a much older 
@re 1987) soil gas survey was cited a few times in the text What happened to the cores and associated 
data that were proposed In the OU1 Treatability Study Work Plan Soil Flushing Biotreatment and Radio 
Frequency Heating September 19927 That work plan was designed for the purpose of collecting site 
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specific data to be used in evaluating alternatives €or the OU1 CMS/FS and any data that was collected 
must be presented in this report 

Response 

DOE believes it is appropriate to use the data set considered in the RFI/RI report for the groundwater 
model constructed for the OU 1 CMS/FS Groundwater monitoring data for the hillside is avadable to 
the present date and will continue to be available in the future However the groundwater model must 
consider a data set that is static and cannot be updated continuously based on current momtoring 
programs The data set selected €or the model is the most appropriate data set to use given its use in the 
RFI/RI report to which results of the model are being compared Remedy selection is based on the 
results of the CMS/FS report which in turn is based on the results of the RFI/RI report However at 
the request of both agencies the groundwater model has been revised to include data through 1994 It 
is assumed that this data will be sufficient to satisfy this comment 

Note that the intent of the treatability study work plan was not to gather soil characterrzation data Rather 
the intent of the study was to gather soil samples for testing of various treatment technologies 
Unfortunately soil samples recovered contained few if any detectable concentrations of contammants even 
though they were taken from the most probable contarmnant regions at IHSS 119 1 Data ftom the tests 
themselves were supposed to be used for evaluating alternatives Smce the tests were not performed due 
to the unavalability of contaminated soils the data are not avadable to include in the CMS/FS report 

The CMS/FS report will be revised to reference both soil gas surveys The data was used indirectly in 
the CMS/FS during conceptuallzation of remedial action alternatives The text will be revised to include 
this information 

Resolution 

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 
the resolution to this comment is as stated in the response above 
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Response to CDPHE General Comments on August 1994 
Draft Fmal Correctwe Measures Study/Feasibhty Study (CMS/FS) 
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Rocky Flats Environmental Technology Site 
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Response to CDPHE General Comments on August 199Q 
Draft Final Correctwe Measures StudyLFeasibhty Study (CMS/Fs) 

881 Hdlside Area (Operable Utut 1) 
Rocky Flats Environmental Technology Site 

General Comments 

Comment 1 

General Lack of Resuonse to Division Commen@ The Division finds that the DOE has m general faded 
to adequately respond to or resolve the vast majority of our comments and concerns m this draft CMSRS 
report These concerns were discussed with DOE staff in several meetmgs and are documented m the 
Division s comments to TM 10 and TM 11 The DOE s fadure to resolve these comments has resulted 
in the submittal of an incomplete and inadequate draft CMS/FS 

Response 

DOE has made every effort to adequately respond to comments received from both EPA and CDPHE 
Many of the concerns listed in the State s comments on the OU 1 CMS/FS have not been rased durmg 
the various working meetings held between DOE EPA and the State smce January of this year Issues 
such as classification of IHSS 130 as a mixed waste landfill significantly mpact the content of the OU 1 
CMS/FS and should have been discussed during the identification of prellmmary remediation goals and 
remedial action alternatives Additionally technical input from both agencies received durmg workmg 
meetings has not been representative of written comments received after review of both TMs and the 
CMS/FS report For example the State has commented heavlly on the conceptual approach and 
parameters used to develop the OU 1 groundwater model This mformation was presented to both 
agencies through several meetings beginnlng in June of this year and contmumg through July Both 
agencies were involved ln reviewing the model as it was developed and at no tune did either agency 
indicate a concern over the conceptual approach applied DOE is disappomted that the State has criticmd 
DOE s approach to the consultive process whlle contmumg to l m t  the value of such meetmgs These 
disparities have hindered proper resolution of outstandmg issues issues which often tunes are not 
discussed early in the process due to the State s consistent submittal of comments on OU 1 documents 
much later than EPA comments 

Res o 1 ut ion 

During the December 8 meeting between DOE EPA and CDPHE it was decided that regular meetmgs 
will be held to resolve outstanding issues on the OU 1 CMS/FS report These meetmgs wlll be 
instrumental in achieving a common forum through which all parties can come to agreement on specific 
items Resolution will be documented herein and lncorporated into the revised CMS/FS report 
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Comment 2 

Role of the State and RCRA Correction Action in Remedv Selection - This Draft CMS/FS is enurely 
focused on CERCLA and the CERCLA process No attempt has been made to meet the States 
RCRAKHWA requirements Under the IAG the State wlll make a Corrective Action Decision under 
RCRAKHWA and the EPA will make a Remedial Action Decision under CERCLA The CMS/FS must 
be adequate to support both Agencies decisions The LAG specifically requues that Feasibllity Studies 
/ Corrective Measures Studies comply with the requirements of  CERCLA RCRA CHWA and pertment 
guidance and policy [paragraph 1521 The Division has stated on many occasions both formally and 
informally that the CERCLA process is only a template and some modifications to the process wdl be 
necessary to meet RCRAKHWA CMS requlrements The DOE has repeatedly ignored these Division 
concerns 

In this draft CMS/FS report the DOE s position continues to be that consistency with CERCLA RVFS 
guidance takes precedence over meeting RCRAKHWA CMS needs and requirements The DOE s 
failure to address this issue has resulted in the submittal o f  a deficient CMS/FS document that does not 
meet the State s needs in making a corrective action decision for all MSSs 111 OU 1 The DOE must fully 
recognlze and meet all RCRAKHWA requlrements in the Fmal CMSES and where necessary deviate 
from CERCLA FS guidance to meet such requvements Consistency with CERCLA guidance is not 
sufficient justification for ignoring the Division s concerns and comments 

Response 

DOE disagrees with the States comment that the draft final CMS/FS report is focused solely on 
CERCLA and the CERCLA process Comments further state that no attempt has been made to meet the 
State s RCRA/CHWA requirements CERCLA evaluation criteria duplicate RCRA evaluation criteria 
and include additional criteria which address commumty and state acceptance The State has 
acknowledged that Section 4 0 of the report was not reviewed This section represents the core of the 
CMS/FS and contains a detailed evaluation of  both RCRA and CERCLA criteria DOE requests that the 
State specify what requirements are not being met under RCRAKHWA smce the detlled analysis of 
alternatives includes discussions on RCRA standards evaluation criteria and source control measures 
Additional information regarding specific deficiencies is requested prior to respondrng to this comment 
For information purposes the following table lists the evaluation criteria considered under both CERCLA 
and RCRA guidance 
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Natronal Contmgency Plan, 
Evduataon Cntena 

40 CFX 300 430 (e) (9) (111) 

Overall protection of human health and the 
environment 

Compliance with ARARs 

Long term effectiveness and permanence 

RCRA Correctwe A&on Plan Gwdance 
Evaluataon Cn- 

OSWER Dmctwe 9902 3 2A (May 1994) 

Protect human health and the envlronment 

Control the sources of releases' 

Comply with any applicable standards for 
management of wastes 

Attm media cleanup standards set by the 
implementmg agency 

Long term reliabdity and effectiveness 
~ 

Reduction of toxicity mobility or volume 

Short term effectiveness 

through treatment 

~~~ ~ 

Reduction in the tomcity mobllity or volume 
of wastes 

Short term effectiveness 

Implementability 

cost 

State acceptance 

11 Community acceptance I 

Implementabdity 

cost 

Tlus cntenon is addressed under the National Contmgency Plan threshold cntena for Overall Pr0tcct101-1 of Human 
Health and the Envmnment T h  cntenon is also dlrectly related to the Long Term Effectweness and Permanence 
cntena 

Resolution 

During the December 8 meetmg it was made clear that the State felt that the OU 1 CMS/FS report did 
not adequately address the RCRA CAP criteria 111 the detsllled analysis o f  alternatives @AA) The State 
suggested a separate working session to review the DAA and to provide mput mto the presentation of 
Section 4 0 of the CMS/FS DOE agrees that this approach will resolve this comment and agrees to 
provide more information in the report on the RCRA CAP process and how it is megrated with the 
CERCLA process Summary tables 111 Section 4 0 of the report wdl be revised to mclude specific CAP 
criteria where the criteria differ from those evaluated under CERCLA For example source control 
measures will be specifically discussed in the DAA to address this CAP criterion 
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Comment 3 

DOE InaDproDriate Proposal for a CAMU The DOE has proposed as part of all remedial altematwes 
for OU 1 that the Division designate the 88 1 Hillside at WETS as a corrective action management umt 
(CAMU) The DOE s sole intention m proposing this designation appears to be avoidmg the active clean 
up of the hillside The Division is bewildered by the DOE s apparent lack of understandmg of the mtent 
and substance of the CAMU regulations The mtent of CAMU is to facditate an effective and efficient 
remedy not to avoid the need for active corrective action The Division finds the application of CAMU 
proposed by the DOE in this document to be inconsistent with the mtent of the CAMU regulations and 
both the substantive and administrative requuements of CAMU 

The Division is extremely disappointed that we were not consulted on this proposal or notified of the 
DOE s intention to apply CAMU at OU 1 prior to the subrmttal of this CMS/FS report Based on our 
evaluation of all information available under OU 1 the Division finds no basis for designatmg OU 1 a 
CAMU If the DOE can provide sufficient information supportmg the appropriateness of a CAMU at 
OU 1 this information must be discussed and a CAMU designation agreed to by the Agencies prior to 
its inclusion in the Final CMS/FS 

Response 

DOE has proposed use of the Subpart S hazardous waste requlrements as a possible means of achievmg 
an effective and efficient remedy for OU 1 The information on the Corrective Action Management 

Unit (CAMU) rule that DOE has access to is the Commission s proceedmgs on adoptmg the rule and the 
rule itself (6 CCR 1007 3 264 552) The CAMU approach to OU 1 was proposed m this draft final 
CMS/FS for review and discussion with the State as is requued under the CAMU rule If the State does 
not agree that the CMS/FS report is the proper forum for discussmg the CAMU concept at OU 1 then 
DOE requests that the State suggest an appropriate forum for this discussion within the confines o f  the 
IAG 

Resolution 

During the meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE it 
was agreed that the CAMU language will be removed from the CMS/FS report CDPHE agreed that an 
IHSS by IHSS evaluation is not required for alternative development as long as each source area and 
IHSS is identified in the OU 1 CMS/FS and dispositioned m terms of  remedial actions The CAMU 
concept was proposed to retain an OU wide approach to alternative analysis at OU 1 Based on the 
State s revised position on the IHSS by IHSS evaluation issue the CAMU language wlll be removed 
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Comment 4 

Information Necessary to Sup~ort  a Corrective Action Decision - This comment was origmally made to 
TM 1 1 and has not been resolved to the Division s satisfaction 111 the Draft CMSff S The draft CMS/FS 
does not contain sufficient information to support a CAD for all of the IHSSs 111 OU 1 The Division 
will not consider the Final CMS/FS to be complete until all IHSSs and/or source areas m OU 1 are 
sufficiently addressed This draft CMS/FS only addresses contammation at IHSS 119 1 at a mlnlmum 
the group of IHSSs south of Building 881 IHSS 130 and IHSS 119 2 must also be evaluated 

This concern was raised UI the Division s comments to the draft TM 11 and clarified m a meetmg with 
DOE and EG&G staff The DOE formally responded to this concern on September 30 1994 almost a 
month after releasmg the draft CMS/FS The Division finds the DOE response to this comment 
inappropriate inaccurate and inconsistent with both the LAG and the risk screenmg approach that all 
parties agreed to 

The evaluation of each IHSS is consistent with the CERCLA process and has been r e c o p e d  by the EPA 
as necessary and appropriate for all OUs at WETS Regardless of CERCLA guidance the Division 
requires the CMS/FS contain sufficient information to fully support a corrective action decision by the 
Division under RCRAKHWA for each IHSS and/or source area m OU 1 

The DOE disagreement with the Division s application of the risk screerung approach is concemg Thls 
screening methodology was agreed to by all parties including the DOE 

The development of remedial action alternatives must start at the IHSS and/or source level Corrective 
measures must be selected for each IHSS and/or source area that are fully protective and meet all 
appropriate RAOs and PRGs The number and range of alternatives evaluated for each IHSS and/or 
source area may be limited by the scope and complexity of contammation and avadabllity of treatment 
options Alternatives selected for each IHSS should then be combmed to form a range of remedial action 
alternatives for the operable unit When appropriate IHSSs with smdar effective alternauves can be 
combined to achieve economies of scale Alternatives developed at the operable unit level must provide 
the range of alternatives prescribed in EPA guidance 

The Division recognlzes that it may not be efficient to address all contammation strictly through IHSSs 
in some instances it may be more efficient to address an area of contammation as a source area 
independent of the IHSSs This does not mean that each IHSS does not need to be addressed 

The DOE statement in response to this comment under TM 11 that the groundwater contarmnatlon at 
the eastern edge of the operable unit has not been definitively tied to any one IHSS is correct but totally 
misleading As reported in the OU 1 WI/RI Report this contammation was m fact attributed by the 
DOE to multiple IHSSs although not definitively To defmtively tie the contammation on the eastern 
edge of OU 1 to IHSS 119 2 and/or the 903 Pad would requrre additional largely unnecessary 
characterlzation field work Regardless of the source of contammation near IHSS 119 2 it must be 
addressed in the OU 1 CMS/FS 

Response 

The meetings referenced in this comment were held durmg the preparation of the OU 1 C M W S  report 
Both regulatory agencies have repeatedly denied DOE s informal requests to extend the schedule for 
preparation of the CMS/FS report Many of the comments received on the OU 1 CMS/FS are based on 
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unresolved issues from the OU 1 RFI/RI report The State must recogwe that many of these issues 
impact the CMS/FS directly and therefore impact its schedule Because both agencies have repeatedly 
insisted that the CMS/FS report be produced prior to resolution of these issues agreements made between 
the agencies and DOE may not be represented 111 the draft final CMS/FS 

In addition as stated in the response to comments received on TM 11 DOE does not agree that 
individual IHSSs should be examined for remedial action alternatives The IAG states that the CERCLA 
RI/FS guidance should be used as the template for conductmg OU CMS/FSs The IAG also establlshes 
the OU concept and recognlzes the need for evaluating remedial actions at the OU level The OU concept 
is particularly suited to the circumstances of  OU 1 where unspecified sources o f  groundwater 
contamination have resulted in OU wide contamination at various levels The OU 1 FWI/RI document 
also does not support an IHSS by IHSS evaluation If the State feels that IHSSs should be evaluated 
individually for overall protection to human health and the envlronment then the State should mtiate 
these evaluations through the RFI/RI process and not the CMS/FS process The BRA results must at 
some point be used by the State to determine i f  further action is warranted at a site or m this case at 
an IHSS It is inappropriate for the State to request that the CMS/FS be used as a vehicle to identify no 
action decisions prior to conducting a detiuled analysis 

DOE requests that the State provide additional guidance on the value of evaluatmg each IHSS and source 
area independently in the OU 1 CMS/FS report As the last paragraph of  this comment suggests the 
contamination near IHSS 119 1 must be addressed regardless of its source DOE does not believe that 
the groundwater medium beneath OU 1 which represents the highest potential nsk to viable receptors 
can be evaluated on the basis of individual IHSSs DOE has proposed alternatives that remediate both 
the most contaminated areas of OU 1 groundwater as well as the OU as a whole These alternatives 
adequately represent potential remedial action strategies at this OU To address this comment the revised 
CMS/FS will contain additional information regarding each IHSSs status m terms of each alternative 

Resolution 

During the December 8 meetmg the State voiced the concern that the public may not be able to follow 
the decision process if individual IHSSs are not specifically discussed 111 the OU 1 CMS/FS report DOE 
suggested that IHSSs be discussed early in the report to identify specific source areas These source areas 
will then be addressed separately and evaluated for remedial action The discussion on MSSs and how 
they are addressed by the source area approach will be included m future documents (such as the 
Proposed Remedial Action PladProposed Plan) as well The State concluded that mdividual alternative 
analyses are not required for each IHSS as long as each IHSS is mcluded m the mtial discussion of 
source areas Also see resolution to General Comment #4 
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Comment 5 

RCRAKHWA Criteria for the Evaluation of Final Corrective Measure Alternative - The Division wlll 
use the RCRA corrective action evaluation criteria presented m the latest version of the RCRA Corrective 
Action Plan (OSWER Directive 9902 3 2A May 1994) a guidance document produced by EPA for 
implementation of RCRA corrective action as guidance in evaluating remedial action alternatives These 
standards reflect the major techmcal components of remedies mcluding cleanup of  releases source control 
and management of wastes that are generated by remedial activities 

The specific standards as set out in the RCRA CAP guidance include 1) protect human health and the 
environment 2) Attam media cleanup standards set by the mplementmg agency 3) Control the source 
of release so as to reduce or e l m a t e  to the extent practicable further releases that may pose a threat 
to human health and the environment 4) Comply with any applicable standards for management o f  
wastes 5) Other factors Other factors include five general factors that wdl be considered as appropriate 
by the Division in selecting a remedy that meets the four standards above The five general factors 
include a Long term reliability and effectiveness b Reduction m the toxlcity mobllity or volume of  
waste c Short term effectiveness d implementability and e Cost 

RCRA/CHWA corrective action remedies must meet the above listed standards Therefore the Fmal 
CMS/FS must provide detailed documentation of  how the potential remedy wdl comply with each o f  the 
Five RCRA CAP standards 

Response 

DOE believes that the five criteria of EPA s RCRA Corrective Action Plan (OSWER Dmctive 9902 3 
2A pp 63 67) and the nine criteria of the National Contmgency Plan (NCP) m 40 CFR 300 430(e)(9) 
are essentially identical (see Table in response to General Comment #2) It is DOE s understandlng that 
EPA has strived over the last seven years to provide guidance that can be consistently mplemented at 
various sites with the same contaminants under the two sets of  regulations The overall objective of the 
two acts is the same in situations of  contaminant releases and agency selection of  remedies Specific 
differences would seem to point to additional criteria m the NCP regulations such as commulzlty 
acceptance It is emphaslzed that the RCRA Corrective Action Plan is a guidance as is the CERCLA 
RVFS guidance 

The State asserts that RCRA/CHWA corrective action remedies must meet the listed standards and 
suggests that the CMS/FS provide detailed documentation o f  how the potential remedy wlll comply with 
each of the standards It is DOE s position that 111 fact the referenced standards are not standards but 
evaluation criteria These criteria are evaluated m the detailed analysis of  alternatives presented m 
Section 4 0 of  the CMS/FS report Until the State has reviewed this section of  the document it is 
inappropriate to assume that the RCRA CAP evaluation criteria are not mcluded 

Resolution See Resolution to General Comment #2 
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Comment 6 

Effectiveness of Remedial Action/Corrective Action to Protect the Envuonment - This comment was 
origmally made to TM 11 and has not been resolved to the Division s saQsfaction m the Draft CMS/FS 

The general assumption that remedial actions at OU 1 that are protective of human health wdl adequately 
protect ecological receptors and environmental resources at OU 1 is not appropriate m the CMS/FS 
report The effectiveness of each alternative to protect the envuonment must be evaluated The DOE 
response to this comment under TM 11 that it is not necessary to consider envxonmental protectiveness 
in the OU 1 CMS/FS because the OU 1 BRA EE did not identify any sipficant hazards to ecological 
receptors is not an acceptable response 

The BRA EE finds that many of the contaminants evaluated in the BRA EE are toxlc to ecological 
receptors at concentrations found at OU 1 but that because of the lmted  extent of contammation no 
adverse ecological impacts occur The assumption that contammation is lmted  and no adverse ecological 
impacts will occur is not valid under all of the OU 1 CMS/FS remedial alternatives specifically those 
alternatives which allow contamination to contmue to mgrate uncontrolled could lnvalidate this 
assumption The effectiveness of all remedial alternatives to protect the envuonment must be fully 
addressed in the Final CMS/FS 

Response 

The assumption that remedial actions at OU 1 that are protective of human health wdl be protective o f  
ecological receptors is based on the results of the OU 1 RFI/RI report The results of the which mdicate 
that there is no current or future significant risk to these receptors The effectiveness of each alternative 
to protect the environment is evaluated in the detailed analysis of alternatives (Section 4 0) This section 
was not reviewed by the State and therefore the comment that this evaluation was not conducted may be 
premature 

The State concludes that the assumption that contarmnation is lmted  and no adverse ecological 
impacts will occur is not valid under all of the OU 1 CMS/FS remedial alternatives due to the 
potential for contaminant migration This assumption is based on the RFYRI surface sod evaluation and 
is not related to groundwater contamination which is the focus of the CMS/FS report The groundwater 
medium was not identified as a potential source of future risk to ecological receptors and therefore the 
assumption is valid unless the State has identified future risks to ecological receptors from groundwater 
contaminants that are not identified in the OU 1 RFI/RI report 

Resolution 

During the meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE it 
was agreed that the resolution to this comment wlll be present a more thorough analysis of short term 
impacts to the environment under the Detailed Analysis criterion of  Short Term Effectiveness 
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Comment 7 

Incomplete and Inaccurate Identification of ARARs The Division has commented on several occasions 
regarding specific deficiencies in the identification of ARARs for OU 1 The Division has expressed 
major concerns with the DOE s identification and determmation of ARARs under TM 10 The majority 
of the Division s comments and concerns regarding ARARs have not been adequately addressed and 
remain unresolved in this draft CMS/FS In comments to TM 11 the Division deferred ARARs 
comments in hope that several outstanding issues could be resolved through the ARARs Workmg Group 
Unfortunately the DOE has chosen to proceed at an extremely slow pace under the ARARs worlung 
group and the group has yet to entertain substantive ARARs discussions 

The Division s general comments on specific potential ARARs are presented below Additional ARARs 
comments are also included in the Division s specific comments All ARARs issues must be resolved 
in the Final CMS/FS before the Division will consider the document to be complete 

State Groundwater Standards The DOE has faded to present any valid argument to support its 
claim that the State groundwater standards are not ARARs This document states that 
groundwater standards are not addressed ARARs because the classifications requxmg those 

standards have not been applied consistently throughout the State and thus fad the NCP criteria 
of general applicability in 40 CFR 300 400 (g) (4) This argument much llke the last two 
arguments against the application of State groundwater standards as ARARs is smply lncorrect 
Contrary to this argument the phrase general applicability has nothmg to do with whether or 
not standards have been applied consistently The preamble to the NCP explams that of general 
applicability means that potential State ARARs must be applicable to all remedial situations 
described in the requirement not just CERCLA sites Consistent with the preamble s 
explanation State groundwater standards are applicable to all situations not just CERCLA sites 
and therefore are of general applicability Moreover no classifications emst for orgamcs 
rather the standards for organics apply statewide regardless of classification Therefore the 
claim that the classifications requiring those standards have not been applied consistently makes 
no sense 

RCRAICHWA SubDart F Groundwater Protection RCRA/CHWA groundwater protemon 
standards were identified in the Division s comments to TM 10 as potential chemcal specific 
ARARs They have not been included in the draft CMS/FS These standards must be identified 
as potential ARARs in the Final CMS/FS 

Doctrine of Sovereign Immunity The DOE 111 response to Division and EPA comments on 
sovereign immunity has stated that it has removed such language from the text of the CMSFS 
but that questions regarding sovereign immunity may still be discussed durlng ARARs workmg 
group meetings The Division and EPA positions on sovereign lmmumty appear to be clearly 
presented however if the DOE has any remaining questions at OU 1 they must be rased under 
this CMS/FS Report 

Surface Water Standards State surface water standards were identified m the Division s 
comments to TM 10 as potential chemical specific ARARs They have not been included m the 
draft CMS/FS These standards must be identified as potential ARARs in the Fmal CMSFS 
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e) Closure of French Drain 
identified as ARARs and included in the detsuled analysis of alternatives 

The requirements for the final closure of the french dram must be 

0 Radioactive. Hazardous and Mixed Waste Landfill Reauirements - The Division considers IHSS 
130 to be a mixed hazardous waste landfill which must be closed m accordance with all 
applicable landfill regulatory requirements Therefore the DOE must identify all ARARs and 
TBC associated with landfills in this CMS/FS This deternation is based on the documented 
disposal of radioactive waste in the IHSS the known or suspected disposal of hazardous waste 
debris associated with the OPWL in the IHSS and the detection of hazardous waste constituents 
in groundwater monitoring wells dlrectly downgradient of the IHSS This landfill is located on 
an unstable hillside is not capped and has no controls in place to prevent future release or 
exposure to hazardous constituents or radionuclides Regardless of the current risk associated 
with IHSS 130 the DOE must meet all appropriate regulatory criteria for landfills The DOE 
must identify all ARARs relevant to solid radioactive hazardous and med waste landfills 

Response 

DOE disagrees with the statement that the identification of ARARS m the OU 1 CMS/FS is mcomplete 
The State may disagree with the selection of ARARs however the identification of ARARS m the 
CMWFS and in TMs 10 and 11 was performed accordmg to guidance and regulations (40 CFR 
300 430(b)(9) (d)(3) (e)(2) and (e)(9) Durmg the review of TM 11 the State emphaslzed that action 
specific ARARs were being reviewed and comments would follow shortly These comments were never 
received and therefore State comments were not available prior to preparation of the CMS/FS report 
The following responses are applicable to other portions of this comment 

DOE has carefully reviewed the State s position and the regulations concermng the State s Basic 
Standards for Ground Water (5 CCR 1002 8 3 11 5) DOE has d e t e m e d  that the State s basic 
standards are potential ARARs for all contamrnants except radionuclides The CMSFS wdl 
be revised to reflect this potential ARAR at OU 1 

The RCRA groundwater protection standards (6 CCR 1007 3 264 Subpart F) were briefly 
mentioned in the detsuled analysis of alternatives m the CMS/FS The CMS/FS wdl be revised 
to clarify that the RCRA groundwater protection standards are potential chermcal specific ARARs 
and that the process of establishing groundwater protection standards at the pomt of compliance 
is part of the selection of a protective remedy under RCRA and CERCLA The RCRA 
groundwater protection standards are maximum contarmnant levels background levels or 
alternate concentration levels as approved by the Dlrector (6 CCR 1007 3 264 94) It IS noted 
that MCLs were used in the CMS/FS as the potential chermcal specific ARARS and thus used to 
identify PRGs 

This comment is noted DOE believes that the proper forum for further discussion of sovereign 
immunity is the ARARs working group 

Although the State identified the Colorado surface water quality standards as potential chermcal 
specific ARARs earlier in the CMS/FS process surface water has not been one of the media 
investigated at OU 1 The RFI/RI identifies soil and groundwater as the media of concern withm 
the boundaries of OU 1 Information presented in the RFI/RI on the water quality of Woman 
Creek and the South Interceptor Ditch is from OU 5 and other locations 
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e Clarification of this comment is required in order to respond to the comment The french dram 
collects ground water and to our knowledge is not a waste umt DOE is unfamdrar with speclfic 
requlrements applicable to closure of a french dram DOE requests that the State provide 
specific references to support the comment 

f The identification of IHSS 130 as a mlxed waste landfill IS the first comment from the State on 
this subject since the initial preparation of the CMS/FS report The R.FI/RI report dld not 
identify this issue and the comment was never rased by the State DOE requests that the State 
specify its requirements for determining what areas are considered med waste landfills at the 
WETS and what regulatory basis is being used for these designations 

Resolution 

This comment is being resolved through the ARARs workmg group Comments a b and d are 
resolved as stated in the responses above however Comments e and f could not be subtantiated by 
the Division in terms of providing regulatory justification for the comments Closure requlrements or 
performance standards are not available for the French Dram Ldcewise the Division could not justify 
the position that IHSS 130 is a mixed waste landfill The CMS/FS report wdl be revised as appropriate 
to clarify the text 
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Comment 8 

Point of Compliance with Preliminary Remediation Goals The DOE has mcorrectly detemmed Women 
Creek as the point of compliance for protectiveness and ARARS requtrements at OU 1 State 
groundwater standards are applicable to all groundwater IXI OU 1 The pomt of compliance for 
groundwater PRGs at OU 1 is therefore anywhere that groundwater is present at OU 1 That is they 
both must be met The correct point of compliance must be mcorporated mto this report and utlllzed m 
the development and screening of alternatives Once a remedy is selected a new pomt of compliance 
for remedy effectiveness wlll be chosen and specifically dellneated 

Response 

Woman Creek has not been selected as a point of compliance in the draft final CMS/FS report DOE s 
position on this issue is that the point of compliance should be discussed m worlung meetrngs with the 
agencies The meetings held in July 1994 with representatives from both agencies concerned 
groundwater monitoring and covered the subject of point of compliance These discussions were focused 
on the RCRA requirements found in 6 CCR 1003 7 264 95 and the State s groundwater regulwons ln 
5 CCR 1002 8 3 11 6 The RCRA requirements specify the followmg 

The point of compliance is a vertical surface located at the hydraulically downgradient l m t  of 
the waste management area that extends down mto the uppermost aquifer underlymg the regulated 
unit where the waste management area is 

the limit projected in the horlzontal plane of the area on which waste wlll be placed 
during the active life of a regulated umt 

and includes horlzontal space taken up by any h e r  ddce or other batrier designed to 
contain waste in a regulated unit or 

if the facility contams more than one regulated umt the waste management area is 
described by an imaginary lme circumscribmg the several regulated wts 

Whereas the State s requirements specify that for contammation identified and reported on or 
before September 30 1992 the point of compliance for the statewide standards shall be at 
whichever of the following locations is closest to the contammation source 

the site boundary or 

the hydrologically downgradient limit of the area m which contammation exlsts when 
identified 

The State s comment definlng the pomt of compliance as anywhere that groundwater is present at OU 
1 appears to be inconsistent with both sets of regulations DOE requests clarification as to the basis 
for the State s assertion that the point of compliance has no relation to site boundaries and that the pomt 
of compliance should be arbitrarily set in the CMS/FS only to be revised once a remedy is selected 

Resolution 

Resolution to this comment is pending separate discussions concemg pomt of compliance issues 
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Comment 9 

Selection of Preliminary Remediation Goals The DOE has selected State MCLs as PRGs for OU 1 m 
this draft CMS/FS While the division considers State and Federal MCLs to be potential ARARs for OU 
1 the Division does not find that State MCLs are necessarily the appropriate PRGs for all contarmnants 
for either IHSS 119 1 or the OU Sufficient documentation supportmg how and why the DOE selected 
State MCLs as PRGs for OU 1 is not included in the CMS/FS Report The rationale for selectmg State 
MCLs over risk based PRGs or other ARARs is not included rn the draft CMS/FS PRGs should be the 
lower of chemical specific ARARs or risk based PRGs that exceed background and appropriate PQLs 
Compliance with ARARs and protection of human health and the environment are two distmt CERCLA 
requirements for remedies PRG selection must be correctly implemented and fully documented m the 
Final CMS/FS 

Response 

PRGs were established by following the NCP (40 CFR 300 430 (e)(2)(1)) and RCRA CAP guidelmes 
@gs 49 and 50) DOE does not agree that groundwater PRGs should be set at the lowest possible value 
avalable regardless of the practicality of remediatlng to this value This is particularly true m the case 
of OU 1 where groundwater is marginally available and does not present a realistic source of usable 
drinking water This comment will be addressed further under the forum of the ARARS workmg group 
Justification for selection of State MCLs was provided durrng the worlung meetlngs held between DOE 
EPA and the State in January of this year and is included III TM 10 At the request of  both agencies 
much of the material presented in the TMs was not included in the OU 1 CMS/FS to lirmt duplication 
of material If this approach is no longer desired by the agencies then DOE wlll mclude the material 
from both TMs in the revised CMS/FS report 

Resolution 

During the meeting held on December 14 1994 between DOE EPA and CDPHE it was agreed that State 
groundwater standards will be identified as potential chemcal specific ARARS for OU 1 Groundwater 
PRGs will therefore be based on these standards Risk based PRGs wdl not be presented m the final 
CMSIFS report It is assumed that State groundwater standards are considered protective by the State 
and therefore risk based PRGs are not required for groundwater This is consistent with the NCP that 
specifies that chemical specific ARARs are generally appropriate when avdable h s k  based values are 
typically only necessary when chemical specific ARARs are not avdable or are otherwise not sufficient 
to protect human health and the environment 
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Comment 10 

Development of Preliminary Remediation Goals The Division does not find that the PRGs developed 
in section 2 3 of this draft CMS/FS adequately address all of the RAOs presented m Section 2 2 or the 
additional RAOs required in the Division s specific comments The State MCLs selected by the DOE 
as PRGs for groundwater fail to meet the groundwater RAO as identified m this draft CMS/FS report 
No PRGs have been developed to ensure protection of groundwater from degradation by subsurface sod 
contamination under the subsurface soil RAO PRGs must be developed that ensure all RAOs are 
obtained at OU 1 This includes the complete and accurate identification of all chermcal specific ARARs 

Response 

DOE requests clarification of this comment Specifically the comment states that State MCLs fad to 
meet the groundwater RAO listed in the draft final CMS/FS report then goes on to state that no PRGs 
have been developed to ensure that protection of groundwater from degradation by subsurface sod 
contamination under the subsurface soil RAO DOE requests clarification as to which RAOs the State 
is referring to in regard to the MCLs MCLs are presented as PRGs for groundwater and are not 
intended to target the subsurface soil medium 

In addition subsurface soil PRGs cannot be established unless there emsts a clear source of subsurface 
soil contamination to groundwater Repeated efforts to ob- samples from the IHSS 119 1 area that 
contain possible contaminant sources have indicated that there are no clear source areas identifiable at 
the IHSS and therefore no sources for which PRGs can be established and measurably achieved With 
regard to ARARs identification of chemical specific ARARs is discussed m the responses to General 
Comments #7 and #!3 and will be addressed through the ARARs worlung group It is mportant to note 
here that not all RAOs necessarily require quantified PRGs 

Resolution 

Based on the meeting held on December 8 1994 this comment wdl be resolved by revismg the 
subsurface soil RAO included in the CMS/FS report to state the followmg Prevent rmgration of 
contaminants from subsurface sods to groundwater that would result m ground water contammation m 
excess of groundwater ARARs for OU 1 con tman t s  
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Comment 11 

Risk Based PRG Calculation Methodoloey The Division specifically rased several concerns with the 
calculation of risk based PRGs in comments to TM 10 The DOE has fi led to adequately address many 
of these comments Many of these issues remin unresolved from the Fmal Phase III RFVRI Report 
The Division approved the Revised Final Phase III RFI/RI Report Rocky Flats Plant 881 Hlllside OU1 
June 1994 contingent upon DOE s revisions on a limited number of issues These issues cannot slmply 
be addressed by discussing them m the Phase III RFIPRI report comment response section The Division 
has not been convinced by DOE s arguments and expects compliance with our requests 

The Division s major issues included an adequate quantitative assessment of external uradiation both 
OU wide and at the source a good qualitative assessment of toxlcity of PAHs and PCBs and also of those 
chemicals for which there are not as yet any EPA toxicity factors calculation of mtake values for all 
those chemicals for which there are as yet no EPA toxicity factors an assessment of surface sod exposure 
to the construction worker receptor and a more objective presentation of the risks As of yet the 
Division has not seen any revisions Therefore DOE s contention that absolutely no changes wdl be 
made in the PRG documents or methodology because s d a r  methodologies were used m the RI/RFI 
document is premature The Division is particularly concerned by the DOE s refusal to calculate external 
exposure to radiation by a future resident This calculation is supported both by RAGS Part B p 35) 
and by ICRP 26 and 30 

Response 

The concerns listed in this comment do not apply to the OU 1 CMS/FS report They are prunardy 
RFI/RI issues as stated in the comment and do not affect alternative development In addition the State 
has requested throughout the comment document that the OU 1 CMS/FS report not mclude any reference 
to the surface soil medium DOE seeks clarification as to why the concerns listed m this comment are 
presented here m light of the State s comments regarding this medium Although the State is partrcularly 
concerned about external exposure to radiation by a future resident DOE requests clarification of how 
this will affect the evaluation of remedial action alternatives for groundwater at OU 1 

Resolution 

Based on the meeting held on December 8 1994 between DOE EPA and CDPHE this comment is not 
relevant to the OU 1 CMS/FS report and is therefore noted but does not requue a revision to the 
document 
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Comment 12 

Failure to Consider ALL Contaminants 
10 and TM 11 
CMS/FS report 

This comment was rased m the Division s comments to TM 
It has not been fully addressed by the DOE and rem- a deficiency m this draft 

The Division under its corrective action authority wlll consider &l hazardous constituents found at OU 1 
in making a corrective action decision Therefore the CMS must mclude all contarmnants and cannot 
be limited to only the BRA COCs The BRA COC screen was developed to focus the BRA risk 
evaluation on risk drivers This screen does not preclude non COCs from bemg present at levels above 
risk based concern or that need management and momtormg This is evident m Table 5 2 o f  the draft 
CMS/FS where many non COCs are shown to be present at OU 1 at concentrations above risk based 
PRGs As stated by the Division in previous comments the Division requlres that all contarmnants 
identified at OU 1 be mcluded and fully evaluated in the OU 1 CMS/FS 

Response 

The table referenced in this comment is unknown In addition DOE requests clarification on the State s 
position that all contaminants identified at OU 1 be fully evaluated It is unclear m this comment how 
a contaminant is evaluated The focus of the CMS/FS report is to evaluate remedial action alternatives 
using specific COCs as indicators to determine the effectiveness of each alternative The CMS/FS report 
will be revised to specify that the complete list of contaminants are potential C O O  although the 
alternative evaluation process will remain unchanged 

The revised groundwater model will evaluate all of the orgmc contamtnants identified mthe OU 1 BRA 
In addition TCE will be modeled since it appears 111 concentrations slrmlar to other identified BRA 
COCs Other contaminants which appear at much lower concentrations m OU 1 wdl be qualitatively 
evaluated in the revised CMS/FS report This approach should meet the mtent of thls comment whlle 
preserving the integrity of the existing groundwater model 

Resolution 

This comment will be addressed by the revised groundwater model which now mcludes all of the BRA 
organic COCs as well as TCE Other contarmnants wdl be evaluated qualitatively but occur at much 
lower concentrations throughout the site and are adequately represented by the modeled COO 

OU 1 CMS/FS R port 
Comment Re p o w  Document 
February 19% 16 



Comment 13 

Subsurface Soils Preliminary Remediation Goals The DOE has repeatedly faded to respond to the 
Division s concerns that subsurface soil contamination is not being adequately addressed 111 the CMS/FS 
The DOE continues to claim that subsurface soils were found not to present unacceptable risk m the BRA 
and thus do not require consideration This is not correct subsurface sods were mdlrectly evaluated 111 
the BRA through groundwater pathways many of which were found to present elevated risks 

Regardless of the BRA hazardous constituents are present rn the subsurface sods within OU 1 and must 
be evaluated in the RCRAKHWA Corrective Measures Study and subsequent Corrective Action 
Decision Therefore subsurface soils must be considered along with groundwater m developmg RAOs 
and PRGs RAOs and PRGs for subsurface soils must be based on risk protection of groundwater and 
ARARs 

Response 

DOE requests clarification from the State as to how subsurface sod PRGs can be developed based on risk 
protection of groundwater and ARARs when no direct risks have been identified m the BRA and 
chemical specific ARARs currently do not exist for this medium The State has repeatedly suggested that 
PRGs be developed for subsurface soils without providmg guidance as to what is bemg requested 

Additionally given the wide variability in partitioning values found at OU 1 PRGs cannot be reliably 
calculated for subsurface soils based on these values DOE therefore requests that the State clarify 
whether it is asking for PRGs based on ingestion of subsurface sod or on contarmnant transport to 
groundwater If the latter is the primary concern then this issue should have been rased as an RFI/RI 
issue It is unclear why the State is continuing to question RFI/RI issues m this document 
inappropriately 

Resolution 

Based on the meetmgs held on December 8 and December 14 1994 between DOE EPA and CDPHE 
subsurface soil PRGs will not be calculated directly The subsurface soil RAO mcluded m the OU 1 
CMS/FS report will be revised as discussed in the response to General Comment # 11 
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Comment 14 

Inadeauate Documentation of Remedial Action Alternative DevetoDment and Screemg Process - The 
Division does not find the documentation and supporting rationale for the development and screemg of 
remedial action alternatives as presented in TM 11 and the draft CMS/FS to be adequate The Division 
commented on the development and screening of alternatives in several specific comments to TM 11 
The DOE has fiuled to resolve these comments or address the Division s concerns 

The DOE has on several instances chosen to cite CERCLA guidance as a rationale for not addressmg the 
Division s concerns This is not adequate All of the Division s comments must be fully resolved to the 
Division s satisfaction and mtegrated into the CMSCFS The CMSES must lnclude a thorough 
documentation of the remedy development and selection process mcludlng appropriate supportmg 
rationale It is not appropriate to reference the DRAFT TM 11 for this documentation 

Response 

The draft TM 11 document was incorporated by reference m the OU 1 CMS/FS report as agreed to by 
DOE EPA and the State during various working meetings At the request of both regulatory agencies 
this was done in order to limit the duplication of material found m the TMs and the CMS/FS report If 
desired the final CMS/FS report will include all of the material originally presented 111 the TMs although 
each document will still be available in the administrative record 

CERCLA guidance has been cited where necessary to justify the amount of deml mcluded m the CMS/FS 
report and/or to explam how specific concepts are applied 111 the CMSCFS process DOE has attempted 
to satisfactorily address the State s concerns while maintamng the mtent of RCRA and CERCLA cleanup 
guidelines which specify evaluating various criteria to d e t e m e  both the feasibllity and necessity of 
initiating remedial actions The State s position to date has been that remedial action is warranted at OU 
1 regardless of the results of the detailed analysis of alternatives DOE fundamentally disagrees with this 
approach and has therefore cited guidance where necessary to m m m n  an appropriate and accepted 
methodology for remedy selection 

Resolution 

The revised CMS/FS report will not reference the draft TM 11 document The report wlll provide 
information regarding both RCRA and CERCLA remedy selection processes and wlll mcorporate State 
comments as appropriate 
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Comment 15 

Impacts of Decommissioning of the French Drain - Several of the alternatives presented m this 
document including the DOE preferred alternative recommend the decomrmssiomg of the french dram 
The text in several sections discusses decommissioning the french dram by breachmg the dram with a 
backhoe It does not appear that the decommissionmg of the dram was considered m modelmg of 
contaminant migration down gradient of the drain Specifically any breach m the dram would become 
a preferential pathway for transport to Women Creek Contammated groundwater collected m the 
decommissioned drain would essentially be discharging directly to Women Creek as surface water 

This pathway must be considered in modeling the impact of decomrmssiomg the dram 

The current modeling assumes that if the french dran were decommissioned contarmnation would 
eventually reach Women Creek via continued migration of the contarmnant plume down gradient of the 
drain The fate of contaminated groundwater collected withm the french dram after d e c o m s s i o u g  
must be considered in modeling the impact of such alternatives 

Additionally the eventual final closure of the french dram rases many issues that have yet to be 
considered including potential decontamination methods closure performance standards and potential post 
closure care requirements for the drain The Division strongly recommends that the DOE fully consider 
these issues in evaluating the role of the french drain in remedial alternatives at OU 1 

Response 

Decommissioning of the drain was not considered in modeling of contarmnaut mgration downgradient 
of the drain As discussed in the response to General Comment #1 this issue was not rased durmg the 
various meetings held with both regulatory agencies to discuss the conceptual approach applied to 
modeling OU 1 Additionally it is unclear 1) how decomrmssiomng of the dram would result m duect 
discharge to surface water and 2) how the State wishes this pathway to be considered 111 modelmg the 
impact of decommissioning the drain DOE therefore requests clarification as to what type of modelmg 
the State is suggesting for the french drain 

The State s comments regarding decontamination methods for the french dram are llkewise unclear DOE 
is unaware of any regulatory provisions for decontammatmg this type of umt for closure performance 
standards or potential post closure care requirements DOE requests clarification as to what State 
requirements are being referenced and how these requlrements affect selection of a preferred remedy at 
ou 1 

Resolution 

Resolution of this comment is pending information from the State concemg decontarmnation 
requirements closure performance standards and potential post closure care requlrements for the dram 
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Comment 16 

Role of Institutional and Enmneering Controls NCP explsuns that mtitutional controls shall not 
substitute for active response measures as the remedy unless such active measures are d e t e m e d  not to 
be practicable based on the balancing of trade offs among alternatives (300 430 (a) (1) (111)) Clearly 
not the case here In any event the use of institutional controls to l m t  exposure at the site does not 
alleviate the requirement to meet or waive all ARARs 

Response 

DOE agrees with the statement on the use of institutional controls DOE requests clarification of the 
State s position given the State s acknowledgment that it has not reviewed the detsuled analys~s of 
alternatives and therefore has not examined the analysis of the RCRA and CERCLA evaluation criteria 
(1 e DOE also requests that the State specify why 
institutional controls are not appropriate for OU 1 DOE agrees that the use of mtitutional controls do 
not alleviate the requirement to meet or waive all ARARs and does not present this view m the CMS/FS 
report 

trade offs) for each proposed remedial action 

Resolution 

This comment does not require resolution 
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Comment 17 

Reeulatory Reauirements for IHSS 130 Radioactive Site 800 Area Recent groundwater momtorlng 
data for the three monitoring wells directly down gradient of MSS 130 (36391 36691 37191) show the 
presence of hazardous constituents not detected during the Phase III RFuRl samplmg The date from two 
of these wells over the time frame utillzed in the RFI/RI (1990 to m d  1992) were lmted  to only a smgle 
sampling event The newer 1993 monitoring data may confirm the HRR report that hazardous waste 
associated with the OPWL were disposed of at this IHSS and are potentially leachmg from this IHSS lnto 
the groundwater As a result the Division is currently reviewmg this monitormg well data to determme 
if IHSS 130 is a potential hazardous waste landfill as well as a radioactive waste landfill As such the 
Division requires that remedial action alternatives be developed for this landfill that are protective o f  
human health and the environment and meet all the appropriate regulatory requuements 

Response 

DOE disagrees with the assumption that IHSS 130 should be considered a med waste landfill DOE 
requests that the State provide justification as to why this IHSS falls mto this regulatory classification 
DOE also disagrees with the State s position given that it is still trymg to deterrmne whether MSS 130 
is a potential hazardous waste landfill based on downgradient groundwater data This comment represents 
a significant departure from the approach to alternative development presented to the agencies smce 
January of this year Raising such an issue after preparation of the draft final CMS/FS l m t s  the value 
of the consultive process that has been occurring to date between DOE and the regulatory agencies The 
State has criticlzed DOE for its approach to negotiating issues however it appears as if the discourse 
which occurs during CMS/FS working meetings is not bemg considered ln written comments Smce 
January of this year the focus of the OU 1 CMS/FS has been on groundwater remediation This approach 
is supported by the RFI/RI report and the BRA in particular DOE s position 1s that it is mappropriate 
to target units for remediation which have not been identified as risk contributors at the site and do not 
exceed existing ARARs 

Resolution 

During the meeting held on December 14 1994 between DOE EPA and CDPHE the State revised its 
position that IHSS 130 is considered a mixed waste landfill The State is currently reviewmg its approach 
to classifying this IHSS 
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Comment 18 

Use of All Available Data The modeling and analysis of groundwater data m this report must use all 
available field data Groundwater monitoring data for the hdlside is avadable from 1987 to the present 
Limiting this report to groundwater data from 1990 to mid 1992 is not appropriate Additionally there 
is no mention of the December 1993 soil gas survey conducted at IHSS 119 1 The Division requlres 
that all available field data be used in the Final CMS/FS It is unportant to note that the RFI/RI was 
performed using data gathered at a finite point tn tune (1990 to mid 1992) Inclusion of any new 
pertinent data into the development of the final CMS/FS is essential III order to help ensure an accurate 
CMS/FS Therefore as new information is obtaned and evaluated further field work at OU 1 may be 
required prior to a remedy selection 

Response 

DOE believes it is appropriate to use the data set considered m the RFYRI report for the groundwater 
model constructed for the OU 1 CMS/FS Groundwater momtormg data for the hdlside is avadable to 
the present date and will continue to be available in the future The data set selected for the model is the 
most appropriate data set to use given its use in the RFI/RI report to which results of the model are 
being compared However at the request of both agencies the groundwater model has been revised to 
include data through 1994 It is assumed that this data will be sufficient to satisfy this comment 

DOE disagrees with the State s position that as new mformation is o b m e d  and evaluated further field 
work at OU 1 may be required prior to remedy selection Remedy selection is based on the results of 
the CMS/FS report which in turn is based on the results of the RFI/RI report DOE believes that the 
State IS inappropriately suggesting continued RFI/RI characterlzation whlle contmulng to request that the 
CMS/FS be conducted regardless of unresolved characterlzation issues 

The CMS/FS report will be revised to reference all soil gas surveys The data was used lnduectly m the 
CMS/FS during conceptuallzation of remedial action alternatives The text wlll be revised to mclude this 
information 

Resolution 

This comment will be resolved as discussed In the response presented above 
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Comment 19 

Detailed Analysis of Alternatives As documented in the Division s comments the DOE has made many 
fundamental mistakes in the CMS/FS process includmg selection of ARARs and PRGs and the 
development of alternatives The number and degree of these mstakes have forced the Division to 
conclude that the underlying basis for the detiled analysis of alternatives and the preferred alternative 
presented in this draft CMS/FS are fatally flawed and without basis The Division requires that after 
the ARARs PRGs development of alternatives and all other underlyrng errors 111 this report are 
corrected the detailed analysis of alternatives and DOE preferred remedy by reworked 

The detailed analysis of alternatives must include detailed documentation of how the potential remedy wdl 
comply with each of the five standards for evaluauon of a final corrective measure alternative presented 
in the RCRA Corrective Action Plan (OSWER Directive 9902 3 2) as well as the m e  CERCLA criteria 
Specifically the Division requires the reworked detlled analysis of alternatives to mclude how the 
sources of releases will be controlled and to comply with any applicable standards for management of 
wastes as evaluation criteria 

The Division has not specifically commented on section 4 0 Detiled Analysis of Alternatives of this 
draft CMS/FS The Division finds that based on the number and sipficance of the unresolved issues 
the evaluation of section 4 is not warranted at this time This should not be construed as concurrence 
by the Division on anything contained in Section 4 of the draft CMS/FS 

Response 

DOE does not agree that mistakes were made in the CMS/FS process at OU 1 Many of the issues 
raised by the State have failed to point to specific deficiencies m the CMS/FS report and lnstead are 
general statements that are not supported by clear examples In many cases issues presented are opmons 
of the State which have not necessarily been identified by the EPA as deficiencies Several comments 
received from the State suggest that the document does not lnclude an analysis of the RCRA standards 
Because the State did not evaluate the detailed analysis of alternatives where these criteria are evaluated 
DOE does not believe these comments are warranted The table lncluded in the response to General 
Comment #2 delineates how the RCRA evaluation criteria compare to the CERCLA evaluation criteria 
which are included in the detailed analysis of alternatives The State has suggested ln several comments 
that the RCRA criteria have not been considered As shown in the table included rn the response to 
General Comment #2 CERCLA and RCRA evaluation criteria are s d a r  and are discussed at length 
in Section 4 0 of the CMS/FS report 

Resolution 

During the meeting held on December 14 1994 between DOE EPA and CDPHE the State revised its 
position that the OU 1 CMS/FS report does not contam sufficient information regarding the RCR4 CAP 
evaluation criteria with the exception that source control measures are not adequately discussed under 
alternatives that do not attempt to remediate the source of contamination at MSS 119 1 The revised 
CMS/FS report will include more a detailed discussion concerning source control measures under each 
alternative 
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Comment 20 

Failure to Adeauatelv Consider Risk in Evaluating Alternatives In the CMS/FS document DOE based 
its decision on whether remediation alternatives protected human health solely on the modeled predictions 
of the fate and transport of one chemical PCE They did not discuss CC14 1 1 DCE or any other 
hazardous constituents This is unacceptable RAGS Part B states that all chemcals with risks greater 
than 1x106 should remain on the list of chemicals of potential concern for that medium (RAGS part 
B p 16) A remediation decision based on only one chermcal does not consider the cumulative risks from 
all chemicals in a particular media In this case the remediation decision does not even consider the risks 
from CC14 and 1 1 DCE both of which are more toxic and present m higher concentrations at OU1 than 
PCE Moreover HQs were not even calculated for inhalation exposure (see Tables C 6-4 5 & 6) 
because no inhalation RfD was available for PCE 

If DOE had done a toxicity assessment on this chemical it would have been apparent that there is no 
evidence that this chemical causes local respiratory tract irrigation so that it would be appropriate to do 
route route extrapolation on the oral toxicity factor for this chemical As it is DOE did not even evaluate 
the single chemical it assessed in the CMS/FS for noncarcmogemc effects by the lnhalation route of 
exposure 

Response 

The revised OU 1 CMS/FS will include each BRA COC m the risk evaluation for each alternative with 
the addition of TCE due to its presence in unusually high concentrations at OU 1 Results from the 
groundwater model will be examined for each of these COCs and wlll be mcorporated m the appropriate 
residual risk discussions 

The residual risk for the residential receptor will be documented consistent with the methodology 
presented in Appendix C An inhalation reference dose for PCE was not avdable m IRIS HEAST or 
ECAO The issue of a RfD for PCE will be deferred to ECAO for additional guidance prior to revision 
of the CMS/FS report 

Resolution 

The resolution to this comment is as stated in the response above 

OU 1 CMS/FS R port 
Comment Response Document 
F b m q  1995 24 



Comment 21 

Groundwater Modeling This model is a first attempt to describe a complex system and as such tends 
to raise as many or more questions than it answers about the conceptuallzation of the source locations and 
inclusion of decay products The concept of a single flow lme withm a preferential channel may not 
adequately describe the flow system between the chosen calibraaon wells Slumpmg is an active process 
on the hillside and may interrupt what appears to be a bedrock low channel Current top of bedrock 
information may not be detailed enough to define a smgle flow path accurately therefore this model 
represents a theoretical flow path with a gradient slmllar to flow paths that may exlst on the hdlside 
Only one conceptualization of the source was considered a residual DNAPL located m one cell at the 
bedrocWalluvium interface Alternate source conceptuallzations such as diffusion mu) the pore waters 
of the bedrock between fractures were not mentioned The model shows a f i r  amount or contarmnant 
moving through the bedrock portion of the model so a source withm bedrock could be mportant 
Discussion of the choices made in the model conceptuallzation is an mportant element m model 
documentation 

Contaminant calibrations were apparently performed with less than the full suite of avadable data and not 
all contaminants in the PCE decay chain were considered The source and location of each succeedmg 
contaminant becomes dispersed from the transport of its parent product Such complex lmkage of 
contaminant models becomes too difficult for a transport model dealmg with one product at a tune 
Recognition of this complexrty would indicate this model is not conservative 

The English/Metric conflict is not yet resolved in this country Data m this report is presented m metric 
units but the model is run in English units and the conversions are not presented The best option seems 
to be to present both to facilitate review of the model 

Response 

Specific issues in this comment are addressed in the followmg bullets 

The concept of a single flow line within a preferential channel is based on the hydrogeologic conditions 
and hydrogeologic conceptual model presented in the RFI/RI report and on fundamental techmques for 
developing and applying a numerical model Data from the RFI/RI report reveal llrmted saturated 
conditions at OU 1 indicating that flow directions are restricted laterally The data also mdicate that flow 
is down the hillside consistent with porous media flow and typical hlllslope hydrology The alignment 
of the modeled flowpath corresponds to the suspected source area beneath MSS 119 1 and the 
groundwater flow direction coincident with the bedrock channel consistent witht the Phase ID RFI/RI 
Therefore the model represents the most credible flowpath from IHSS 119 1 to Woman Creek As such 
the modeled flowpath is the shortest flowpath in terms of distance and travel tune Other flowpaths 
would represent longer less conservative flowpaths 

With regard to slumping the interruption referred to the comment may have little to no effect on 
groundwater flow direction and magnitude The geologic cross section produced as part of the Phase III 
RFI/RI from geologic mapping during the construction of the french dram does not indicate that 
discontinuities caused by mass movement of colluvium interupt the bedrock channel which is 
represented in the model (refer to Volume IV Appendlx A of the Phase III RFI/RI figure showmg the 
vertical section of the french drain from station 16+00 to 16+50) The section actually shows the shear 
plane as conforming with the bedrock channel (in the section the shear plane is also referred to as a 
potential shear plane and a discontinuous shear plane ) 
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The source represented in the model is that presented in the Phase III RFI/RI as the most credible based 
on data collect during the RFI/RI Since the model over estmates all COC concentrations larger sources 
(in terms of sue) due to spreading caused by decay or alternate sources are accounted for mduectly by 
the model Consider also the possibility of three sources for groundwater contammation a source above 
the water table a source at the bedrockkolluvium interface and a source in the bedrock For a source 
above the water table the contaminant could not dissolve freely mto groundwater A constant source at 
the bedrockkolluvium interface could dissolve indefinitely mto groundwater A source m the bedrock 
could also dissolve into groundwater but would migrate at a slower rate than the source at the 
bedrock/colluvium interface Thus a constant source at the bedrockkolluvium mterface represents a 
conservative scenario Diffusion as a release mechanism would result m much smaller releases of COG 
because it typically occurs at rates much lower than groundwater flow Further discussion of 
conservatism and sources is contamed on responses to specific comments 

Movement of a solute in bedrock does not indicate source in bedrock No data gap with regard to 
bedrock was identified in the Phase 111 RFI/RI report Therefore no bedrock source was smulated m 
the modeling 

With regard to the issue of conservatism the model is conservative m two aspects The simulated 
groundwater flow is conservative because the model always assumes flow occurs whereas there are many 
areas and times of no flow (or low flow) due to dry conditions The overall hydraulic gradients and 
therefore Darcian velocities are comparable to those observed at the site Model predictions are 
conservative because they consistently over predict COC concentrations TCE has been mcluded as a 
COC in the model predictions 

The COCs modeled are consistent with the COCs identified m the Phase III RFI/RI baselme risk 
assessment and discussed with the agencies on May 23 1994 This meetmg mcluded DOE s explanation 
of exactly how the model was to be constructed All parties participated m the discussion The model 
was developed in accordance with these discussions as well as with the active participation of CDPHE 
and EPA representatives during the various informal worlung meetmgs that occurred durmg the modelmg 
process The function of the model in the FS is to provide a predictive tool to facditate the selection of 
a remedial alternative 

Resoiution 

The resolution of the topics covered in this comment is discussed m more detad m the response and 
resolution of specific comments 
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